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Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ord 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02  — 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  22161 

(703)  487-4650 
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■Agency  contact  who  can 
supplement  the  information 
contained  in  the  backup 
report. 


NTIS  Order  Number* 
NTIS  Price  Code* 


*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BWI  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Agriculture  &  Food 

741  Electrical  Leaks  in  Farm  Buildings  Can  Be  Tracked 
Down  While  Power  Is  On 

Software 

742  Computer  Program  Predicts  the  Watering  Needs  of 
Crops 

Testing  &  Instrumentatbn 

743  Lasers  Reveal  Collagen  Fiber  Structures  in  Leather 

Computers 

744  ADA  Information  Package 

745  Voice/Natural  Language  Interfacing  for  Robotic 
Control 

746  Industry,  NBS  Complete  Conformance  Test  for 
POSIX 

747  Bibliography  on  Multiprocessors  and  Distributed 
Processing  —  This  computerized  data  base  yields 
citations,  indexes,  and  cross-references. 

748  Dynamic  Replanning  System  —  Planning  software  is 
augmented  by  software  that  takes  new  goals  into 
account 

749  Liquid-Oxygen  Expert  System  —  A  complicated 
system  is  monitored  for  equipment  failures  (Licens- 
ing Opportunity) 

750  A  Work  Station  for  Control  of  Changing  Systems  — 
A  touch  screen  and  microcomputer  enable  flexible 
control  of  complicated  systems. 

Software 

751  General-Purpose  Image-Data  Program  —  Files  of 
image  data  are  easily  retrieved  and  analyzed. 

Other  Items  of  Interest 

761        VLSI  Architecture  of  a  Binary  Up/Down  Counter  — 

Identical  stages  contain  relatively-few  logic  gates. 

(Licensing  Opportunity) 

Electrotechnology 

752  Precision  Power  Supply  for  High-Power  Loads 

753  NBS  Finds  DAT  Copy-Prevention  System  Deficient 

754  Acoustics  Images  of  Target  Range  on  the  Sonar  of 
Bats 

755  Antenna  Matching  Program  Developed 

756  Checking  Plumbing  Connections  Electrically  —  Ports 
are  identified  by  Zener-diode  voltages. 

757  Development  of  a  Digital  Flight-Control  System  — 
The  feed-forward  control  path  includes  inversion  of 
the  model  of  the  aircraft.  (Licensing  Opportunity) 

758  Noninterlaced-to- Interlaced  Television-Scan  Con- 
verter —  Computer  text  and  ordinary  images  are 
displayed  together  without  text  jitter. 

759  Deviations  of  Microwave  Antennas  From  Homology 
—  Surface  distortions  are  quantified  over  a  range  of 
tilt  angles. 


760  Optical  Isolator  for  Use  With  Single-Mode  Fiber  — 
Unusually-low  forward-transmission  loss  and  high 
reverse-transmission  loss  are  achieved.  (Licensing 
Opportunity) 

761  VLSI  Architecture  of  a  Binary  Up/Down  Counter  — 
Identical  stages  contain  relatively-few  logic  gates. 
(Licensing  Opportunity) 

762  Refined  Transistor  Model  for  Simulation  of  SEU  — 
An  equivalent  base  resistance  is  added. 

Testing  &  Instrumentation  ■/ 

763  Battery  Driven  8-Channel  Pulse  Height  Analyzer 
(Licensing  Opportunity) 

764  MOSFET  Electric-Charge  Sensor  —  A  charged- 
particle  probe  would  be  compact  and  would  con- 
sume little  power.   (Licensing  Opportunity) 

765  Canceling  Electromagnetic  Interference  During  Tests 

—  An  old  technique  solves  a  modern  problem. 
(Licensing  Opportunity) 

766  Pulse  Coil  Tester  —  A  set  of  relays  can  be  tested 
easily  and  repeatedly.  (Licensing  Opportunity) 

Other  Items  of  Interest 

816        Electrically-Conductive  Polyaramid  Cable  and  Fabric 

—  Tows  coated  with  metal  provide  strength  and 
conductance.  (Licensing  Opportunity) 

Energy 

767  Low  Excess  Air  Burners  Are  Cost  Effective  and 
Efficient 

768  Self-Cooling  Lithium/Sulfide  Battery  —  Compact 
power  and  energy  storage  for  advanced  capability, 
self-cooling  during  intense  power  pulsing. 

769  Solar-to-Chemical-Energy  Converter  Passes  Field 
Tests 

Other  Items  of  Interest 

741        Electrical  Leaks  in  Farm  Buildings  Can  Be  Tracked 

Down  While  Power  Is  On 
81 1        ANL  Glass  Electrolyte  —  An  economic,  highly 

conductive  glass  electrolyte  for  cells  and  batteries 
820       Molecular-Beam-Epitaxy  Program  —  Performances 

of  solar  cells  are  predicted  from  manufacturing 

parameters. 


Engi 

770 
771 
772 

773 
774 
775 


776 


neering 

Pothole  Patching 
Roof  Blister  Valve 

Facility  and  Device  for  Improved  Heat-Leak  Meas- 
urement 

Portable  Curtains  Control  Smoke 
Prestressed  Concrete  Fender  Piles 
Calculating  Turbine-Blade  Loads  —  Rotor/stator 
interactions  are  analyzed  with  the  help  of  approxima- 
tions. 

Adaptive  Control  for  Flexible  Structures  —  Measure- 
ment noise  would  be  filtered  without  introducing 
instability. 
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777 


778 


779 


780 


782 

783 
784 
785 


786 


787 


788 


Compound  Walls  for  Vacuum  Chambers  —  Large 

chambers  would  be  built  relatively  cheaper 

Folding  Truss  Structure  —  A  conceptual  foldable  and 

deployable  structure  would  be  simpler  than  earlier 

versions 

High-Capacity,  Portable  Firefighting  Pump  —  An 

improved  unit  is  evaluated. 

Orienting  Acoustically-Levitated  Aspherical  Objects 

—  The  orientation  can  be  controlled  and  the  aspher- 

icity  measured.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

781        Portable  Diffraction  Moire  Interferometer 

Robotic  System  Surveys  Nuclear  Waste  Shipping 
Casks 

Solids  Aerosol  Generator 
Chip-Size  Thermometer  is  Available 
Computer-Aided  Goniophotometer  —  Repetitive 
measurements  are  made  more  rapidly,  with  greater 
accuracy. 

Laser  Anemometer  for  Turbine  Research  —  Three 
velocity  components  are  measured  through  one  port. 
Sectioning  Coated  Specimens  Without  Edge 
Rounding  —  A  mounting  method  combines  rigidity 
for  polishing  with  conductivity  for  electron  micros- 
copy. (Licensing  Opportunity) 
Laser  Doppler  Velocimeter  System  —  Seeded  flows 
are  measured  optically  (Licensing  Opportunity) 

Other  Items  of  Interest 

749       Liquid-Oxygen  Expert  System  —  A  complicated 

system  is  monitored  for  equipment  failures  (Licens- 
ing Opportunity) 

Environmental  Science  &  Technology 

789       Natural  Bacteria  Cleans  Groundwater  Contaminated 
by  Nitrate 

Biodegradation  System  for  Toxic  Organic  Waste 
Processing 

Volatile  Organic  Compound  Emission  Projection 
Model  User's  Manual  (Version  1.8) 

Software 

792  Computer  Model  OPUS  Calculates  Groundwater 
from  Nuclear  Fallout 

Other  Items  of  Interest 

841        Monitoring  the  Atmosphere  by  Diode-Laser  Spec- 
troscopy —  Dilute  constituents  are  detected  with 
speed  and  accuracy.  (Licensing  Opportunity) 

Manufacturing,  Machinery,  &  Tools 

793  Application  of  Counter  Holder  Equipment  to  Rotary 
Forging 

Computer  Integrated  Manufacturing  (CIM)  for 
Cannon 

Electroformed  Aspheric  Metal  Mirror 
Flexible  Machining  System  Pilot  Line  for  Tracked 
Combat  Vehicle  Components 

797       Military  Plasma  Panel 


790 


791 


794 

795 
796 


798 

799 
800 

801 


802 


803 


804 


805 


Testing 
806 


807 


808 


Pilot  Automated  Shop  Loading  and  Control  System- 
CAM 

New  Way  to  Rework  Scrapped  Turbine  Blades 
Oxynitride  Braze  Method  for  Joining  Silicon  Nitride 
Ceramics 

Assuring  Precise  LFC-Suction-Strip  Porosities  —  A 
masking  technique  is  used  in  bonding  perforated 
titanium  sheets  to  substructures. 
Carbon  Coating  of  Copper  by  Arc-Discharge 
Pyrolysis  —  An  adherent,  abrasion-resistant  coat  is 
deposited  with  existing  equipment.  (Licensing 
Opportunity) 

Ink-Jet  Printer  Forms  Solar-Cell  Contacts  — 
Contacts  are  formed  in  controllable  patterns  with 
metal-based  inks. 

Robot  Gripper  With  Signal  Processing  —  A  single- 
chip  computer  and  sensor-circuit  chips  preprocess 
sensor  data. 

Piezoviscos'rty  in  Lubrication  of  Nonconformal 
Contacts  —  Developments  in  the  theory  of  lubrica- 
tion are  reported. 

&  Instrumentation 

Sizing  Dye-Penetrant  Indications  of  Defects  —  Sizes 

of  cracks  and  holes  viewed  through  a  borescope  can 

be  measured.  (Licensing  Opportunity) 

Toolmaker's  Microscope  With  Video  Monitor  — 

Display  accessories  increase  resolution  and  flexibility 

of  use. 

Periscope  for  Viewing  Weld  Penetration  —  The 

same  device  gives  a  full  view  and  provides  shielding. 


Materials 

809  Calcium  Cyanamide  Process  Control 

810  Composite  Materials  in  Cold  Environments 

81 1  ANL  Glass  Electrolyte  —  An  economic,  highly 
conductive  glass  electrolyte  for  cells  and  batteries 

812  FERMAR  Dual-Phase  Steel:  Saving  Steel  Dollars 

813  Infiltration  Processing  of  Boron  Carbide-,  Boron-, 
and  Boride-reactive  Metal  Cermets 

814  Workshop  Report  Covers  Polymer  Composite 
Processing 

815  Adhesives  for  Use  in  Vacuum,  Radiation,  and  Cold 

—  Data  on  mechanical  and  optical  properties  are 
compiled. 

816  Electrically-Conductive  Polyaramid  Cable  and  Fabric 

—  Tows  coated  with  metal  provide  strength  and 
conductance.  (Licensing  Opportunity) 

817  Designing  Ceramic  Coatings  —  Design  criteria  are 
based  on  thermomechanical  considerations. 

81 8  Growing  Wider  Silicon  Ribbons  —  A  new  lid  design 
would  make  a  larger  withdrawal  opening  feasible. 

819  Modified  Withdrawal  Slot  Increases  Silicon  Produc- 
tion —  A  new  shape  reduces  ribbon  breakage  and 
resulting  idle  time. 

820  Molecular-Beam-Epitaxy  Program  —  Performances 
of  solar  cells  are  predicted  from  manufacturing 
parameters. 
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821  Silicones  as  Connector-Potting  Compounds  —  Low 
outgassing  is  just  one  of  the  benefits  of  silicones. 

822  Sublid  Speeds  Growth  of  Silicon  Ribbon  —  A  heat 
shield  permits  enhancement  of  exit  cooling  without 
formation  of  unwanted  crystals. 

823  Wicks  for  Refrigerants  in  Heat  Pipes  —  An  ultra- 
high-molecular-weight  material  is  compatible  with 
efficient  heat-transfer  fluids.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

824  Thin-Film,  Analytical-Analysis  Corrosion  Rate  Test 
(Licensing  Opportunity) 

825  Multispan-Beam  Shear  Test  for  Composite  Lami- 
nates —  This  test  probes  failure  modes  unattainable 
in  the  three-point-beam  test. 

Other  Items  of  Interest 

787       Sectioning  Coated  Specimens  Without  Edge 

Rounding  —  A  mounting  method  combines  rigidity 
for  polishing  with  conductivity  for  electron  micros- 
copy. (Licensing  Opportunity) 

800  Oxynitride  Braze  Method  for  Joining  Silicon  Nitride 
Ceramics 

802       Carbon  Coating  of  Copper  by  Arc-Discharge 

Pyrolysis  —  An  adherent,  abrasion-resistant  coat  is 
deposited  with  existing  equipment.  (Licensing 
Opportunity) 

843       Ceramic  Thermal  Barriers  for  Dirty-Fuel  Turbines  — 
Coatings  like  those  in  aircraft  turbines  quickly 
deteriorate,  but  alternatives  are  on  the  horizon. 

Medicine  &  Biology 

826  Evaluation  of  Existing  Total  Human  Exposure 
Models 

827  DNA  Damage  by  Human  Inflammatory  Cells 
Detailed 

828  New  Samples  to  Aid  in  Measuring  Cholesterol, 
Vitamins 

829  "Ultrasimplified"  Procedure  Developed  for  Bonding 
Composites  to  Teeth 

830  Biofeedback  With  Implanted  Blood-Pressure  Device 
—  A  patient  is  alerted  to  excessive  pressure. 

Natural  Resources  Technology  &  Engi- 
neering 

831  Magnetic  Data  Services  for  Surveyors 
Software 

832  Spectrum-Analysis  Program  —  Minerals  can  be 
identified  in  geological  images. 

Other  Items  of  Interest 

792       Computer  Model  OPUS  Calculates  Groundwater 
from  Nuclear  Fallout 


Physical  Sciences 

833  First  Measurements  of  Ultra-Cold  Atomic  Collisions 

834  Unique  Color-Center  Laser  Developed 

835  Effective-Mass  Theory  for  Inhomogeneous  Semicon- 
ductors —  The  effective  masses  of  conduction 
electrons  and  holes  should  not  depend  on  their 
positions. 

836  Standards  for  Bidirectional  Reflectance  and  Trans- 
mittance  —  Sample-to  sample  variations  are 
reduced.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

837  Analytical  Chemistry  Laboratory  —  Extensive 
techniques  for  a  variety  of  analyses 

838  Continuous  Aqueous  Tritium  Monitor  (Licensing 
Opportunity) 

839  Electron  Beam  Ion  Trap:  ft  Opens  a  New  Class  of 
Atomic  Physics  Measurements 

840  Electron-Photon  Coincidence  Calibration  of  Photon 
Detectors  —  Absolute  and  relative  detector  efficien- 
cies are  measured.  (Licensing  Opportunity) 

841  Monitoring  the  Atmosphere  by  Diode-Laser  Spec- 
troscopy —  Dilute  constituents  are  detected  with 
speed  and  accuracy.  (Licensing  Opportunity) 

842  Multiple-Diode-Laser  Gas-Detection  Spectrometer  — 
Small  concentrations  of  selected  gases  would  be 
measured  automatically.  (Licensing  Opportunity) 

Other  Items  of  Interest 

743       Lasers  Reveal  Collagen  Fiber  Structures  in  Leather 

763  Battery  Driven  8-Channel  Pulse  Height  Analyzer 
(Licensing  Opportunity) 

764  MOSFET  Electric-Charge  Sensor  —  A  charged- 
particle  probe  would  be  compact  and  would  con- 
sume little  power.  (Licensing  Opportunity) 

783  Solids  Aerosol  Generator 

784  Chip-Size  Thermometer  is  Available 

Transportation  &  Components 

843  Ceramic  Thermal  Barriers  for  Dirty-Fuel  Turbines  — 
Coatings  like  those  in  aircraft  turbines  quickly 
deteriorate,  but  alternatives  are  on  the  horizon. 

844  Fire-Retardant  Decorative  Inks  for  Aircraft  Interiors 
—  Seven  retardants  were  investigated.  (Licensing 
Opportunity) 

Software 

845  Port  Economic  Impact  Software  Using  LOTUS  1  -2-3 


Agriculture  &  Food 


741  Electrical  Leaks  in  Farm  Buildings  Can  Be  Tracked  Down  While  Power  Is  O 
Software 

742  Computer  Program  Predicts  the  Watering  Needs  of  Crops 
Testing  &  Instrumentation  ■* 

743  Lasers  Reveal  Collagen  Fiber  Structures  in  Leather 


united  states     Research  Technology 

Department  of  *#* 

Agriculture       Agricultural  Research  Service 


Electrical  Leaks  in  Farm  Buildings  Can  be  Tracked 
Down  While  Power  Is  On 


Tiny  electric  current  leaks   in  farm  buildings  can  now  be  tracked 
down  while  the  power  is  on — thus  eliminating  a  lot  of  guesswork 
and  unnecessary  replacement  of  electrical  parts  and  wires.     A 
new  procedure  requires  little  more  than  a  digital  voltmeter  and 
a  few  simple  calculations  to  evaluate  the  quality  of  electrical 
connections  and  to  determine  whether  the  proper  gauge  wiring 
has  been  used.     Safe,  inexpensive,  and  accurate,  the  procedure 
may  save  some  folks  a  lot  of  headaches:  faulty  connections  and 
undersized  wiring  are  the  two  major  causes  of  "stray"  or  "tingle" 
voltages  in  livestock  housing  facilities.     Such  leaks — which  can 
affect  animal  behavior  and  reproduction — have  been  the  basis  of 
several  successful  lawsuits  brought  by  livestock  and  poultry 
producers  against  rural  power  suppliers. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further, 
contact  Soil  and  Water  Conservation  Research,  University  of 
Nebraska,  East  Campus,  Lincoln,  NE  68583,  Laverne  E.  Stetson, 
(402)  472-2945. 
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Computer  Program  Predicts  the  Watering  Needs  of 
Crops 


A  computer  program  for  predicting  the  watering  needs  of  crops  is 
available  in  a  new  version  that  is  easier  for  farmers,  consultants, 
and  county  agents  to  use.     Weather  information  supplied  by  a  local 
radio  station  or  newspaper  provides  enough  data  for  the  program, 
called  SCHED.     Users  can  also  enter  on-farm  weather  data  they 
collect  themselves.     ARS  researchers  released  version   1.0  about 
2  years  ago  after   15  years  of  research  and  development. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further, 
contact  Irrigation  and  Drainage  Research,  Colorado  State  University, 
Fort  Collins,  CO  80523,  Harold  R.  Duke,  (303)  491-8230. 
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Lasers  Reveal  Collagen  Fiber  Structures  in 
Leather 


Leather  production  standards    might  be  tightened  through  use  of  lasers 
that  reveal  how  collagen  fibers  are  structured  in  cattle  hides  and  other 
animal  skins.     Collagen  fiber  structures  are  critical  to  the  strength 
of  the  leather,  but  changes  in  their  alignment  beneath  the  surface  of 
the  skin  have  been  too  difficult  and  time-consuming  to  monitor  during 
the  production  process.     An  analytical  technique  called  small  angle 
light  scattering  (SALS) — long  used  in  labs  for  examining  molecular 
structures  in  plastics — has  now  been  modified  and  automated  to  handle 
fibrous  networks  quickly  in  hides.     The  SALS  systems  beams  a  laser 
through  a  thin  section  of  hide,  rotates  a  photocell  around  the  axis  of 
the  beam  to  measure  light  scatter  caused  by  collagen  fibers,  and 
provides  a  printout  of  the  scatter  pattern.     The  pattern  shows  how  the 
fibers  are  oriented  with  respect  to  one  another. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further, 
contact  Paul  L.  Kronick,  Animal  Biomaterials  Research,  Eastern 
Regional  Research  Center,  600  East  Mermaid  Lane,  Philadelphia, 
PA  19118;  (215)  233-6506. 
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ADA  Information  Package 


The  Ada  Information  Clearinghouse  (AdalC)  collects  and  distributes 
documentation  on  all  aspects  of  the  Ada  programming  language,  the 
Department  of  Defense's  common  high-order  programming  language. 
One  way  that  the  AdalC  accomplishes  its  mission  of  transferring 
timely  information  to  the  Ada  user  community  is  by  distributing  the 
Ada  Information  Clearinghouse  General  Information  Package  to  all 
requestors. 

The  package  contains  a  collection  of  useful  Ada  information  on  topics 
such  as  the  "Ada  Bibliography,"  sample  copies  of  the  "AdalC  Newsletter," 
conference  and  call  for  paper  announcements,  Ada  compilers  and 
validation  facilities,  Ada  events  calendars,  references  to  educational 
resources,  and  instructions  for  accessing  the  electronic  AdalC  Bulletin 
Board  on  the  Defense  Data  Network  (DDN). 

FOR  ADDITIONAL  INFORMATION: 

Contact  Ms.  Mary  S.  Armstrong  at  the  AdalC  for  additional  information 
on  the  products  and  services  offered  by  the  AdalC  or  to  request  a  copy 
of  the  Ada  Information  Clearinghouse  General  Information  Package: 

Ada  Information  Clearinghouse 

3D1  39(1  211   S.  Fern,  C-107) 

The  Pentagon 

Washington,  DC  20301-3081 

(703)  685-1477 

DDN:  AdaInfo@AJPO.SEl.CMU.EDU 
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Voice/Natural  Language  Interfacing  for  Robotic 
Control 


♦ 


Work  examined  past  and  present  methods  for  adapting  speech  control 
to  computer  use.     The  research  resulted  in  the  development  of  a 
design  methodology  for  implementation  of  a  preprocessing  module  to 
convert  from  simple,  spoken,  natural  language  statements  to  a  computer 
oriented  control  language.     Specifically,  it  was  designed  to  take  the 
form  of  a  small,  stand  alone  computer  board  emulated  by  an  IBM-PC 
and  function  as  an  expert  system  to  translate  English  statements  to 
a  command  set  appropriate  for  controlling  a  Unimation  PUMA-560 
robotic  arm.     Even  with  speech  control  of  the  PUMA,  the  operator 
was  still  required  to  understand  the  system's  capabilities  and  limitations. 
However,  many  of  the  operating  difficulties,  resulting  from  the  robot's 
non-user-friendly  programming  procedures  were  eliminated. 


UNLMAT10N  ROBOT 
(PUMA-6601 


IBM  PC    |mo»itor| 


♦ 


Figure  1.  Development  and  evaluation  system 


FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:  AD-A187765/NAC 

Price  code:     A03 
To  discuss  this  effort  further,  contact  Edward  Carroll  or  Ken  Lam,  Army 
Armament  Research  Center,  ARDEC  FSAC,  SMCAR-FSF-RC,  Picatinny 
Arsenal,  NJ  07806-5000. 


NBS   technology   update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MP  20899 

Industry,  NBS  Complete  Conformance  Test  for 
POSIX 

The  NBS  Institute  for  Computer  Sciences  and  Technology,  in  conjunction 
with  industry,  has  developed  a  test  suite  to  test  conformance  of  operating 
systems  to  the  proposed  federal  standard  for  Portable  Operating  System 
Interface  for  Computer  Environments— known  as  POSIX.     POSIX  defines 
the  interface,  or  link,  between  applications  and  the  American  Telephone 
&  Telegraph  Co.'s  UNIX  (registered  trademark  of  AT&T)  technology. 
This  technology  is  rapidly  gaining  acceptance  as  the  cornerstone  for  an 
open  systems  architecture  to  make  it  easier  to  move  software  from  one 
computer  environment  to  another.     AT&T,  Digital  Equipment  Corp., 
Hewlett  Packard,  IBM,  Perennial,  and  X/OPEN,  a  consortium  of   13 
vendors,  contributed  to  the  development  of  the  test  package.     POSIX 
is  expected  to  be  approved  soon  as  an  interim  Federal  Information 
Processing  Standard.     (FIPS  are  developed  by  NBS  for  use  by  the  federal 
government.) 

FOR  ADDITIONAL  INFORMATION:  For  ordering  information  on  the 
conformance  test  package,  contact  Systems  and  Software  Technology 
Division,  Room  B266  Technology  Bldg.,  National  Bureau  of  Standards, 
Gaithersburg,  MD  20899;  (301)  975-3295. 
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Bibliography  on 
Multiprocessors  and 
Distributed  Processing 

This  computerized 
data  base  yields 
citations,  indexes,  and 
cross-references. 

Multiprocessors  and  distributed  proc- 
essing are  undergoing  increased  scientific 
scrutiny  for  many  reasons.  It  is  more  and 
more  difficult  to  keep  track  of  the  existing 
research  in  these  fields.  The  Multiproces- 
sor and  Distributed  Processing  Bibliogra- 
phy package  consists  of  a  large  machine- 
readable  bibliographic  data  base,  which  in 
addition  to  the  usual  keyword  searches, 
can  be  used  for  producing  citations,  in- 
dexes, and  cross-references. 

The  data  base  is  compiled  from  smaller 
existing  multiprocessing  bibliographies 
and  from  tables  of  contents  from  journals 
and  significant  conferences.  There  are  ap- 
proximately 4,000  entries,  covering  such 
topics  as  parallel  and  vector  processing, 
networks,  supercomputers,  fault-tolerant 


computers,  and  cellular  automata.  Each 
entry  is  represented  by  up  to  21  fields,  in- 
cluding keywords,  author,  referencing 
book  or  journal  title,  volume  and  page 
number,  and  date  and  city  of  publication. 

The  data  base  contains  UNIX®  "re- 
fer "-formatted  ASCII  data  and  can  be  im- 
plemented on  any  computer  running  under 
the  UNIX®  operating  system.  It  is  easily 
convertible  to  other  operating  systems. 
The  data  base  requires  approximately  one 
megabyte  of  secondary  storage.  This  bibli- 
ography was  compiled  in  1985. 

This  program  was  written  by  Eugene  N. 
Miya  of  Ames  Research  Center 
ARC-11568 


FOR    ADDITIONAL    INFORMATION 

CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Dynamic  Replanning 
System 

Planning  software  is 
augmented  by  software  that 
takes  new  goals  into  account. 


An  artificial-intelligence  computer  pro- 
gram for  planning  automatically  changes 
its  plan  when  conditions  warrant.  The  sys- 
tem uses  planning  software  called 
SWITCH,  which  can  be  used,  for  example, 
to  schedule  the  turning  on  and  off  of 
devices  that  use  electrical  power. 

With  different  knowledge  bases, 
SWITCH  has  made  plans  involving  non- 
consumable  resources  in  a  simple  elec- 
tric-appliance world  and  in  a  simulated  mili- 
tary-intelligence-gathering world.  An  ex- 
ample of  a  nonconsumable  resource  is 
power  when  only  a  finite  amount  of  it  is 
available:  when  a  device  that  uses  power  is 
turned  on,  it  reduces  the  amount  of  power 
available  for  running  other  devices;  when 
the  device  is  turned  off,  the  power  it  drew 
becomes  available  for  other  devices. 
Power  has  not  been  consumed,  as  fuel 
would  be. 

SWITCH  does  limited  replanning  in  re- 
sponse to  unforseen  changes  in  goals.  Em- 
bedded in  it  is  a  replanning  input  generator 
that  operates  between  calls  to  the  planner. 
The  generator  processes  the  output  of,  and 
previous  input  to,  the  planner  to  generate 
input  for  the  next  call  (see  figure). 

The  code  that  generates  replanning  in- 
put does  not  attempt  to  select  and  pre- 
serve the  steps  in  the  old  plan  that  probably 
will  not  need  to  be  changed.  This  is  be- 
cause the  preserved  steps  are  entered  into 
the  new  plan  in  such  a  way  that  SWITCH 
will  not  be  able  to  change  them,  and  there- 
fore, if  a  preserved  step  has  to  be  changed 
after  all,  the  planner  could  fail.  Instead,  the 
replanning  input  generator  saves  only 
those  steps  that  cannot  be  changed  in  any 
event;  for  example,  steps  that  are  in  pro- 


Original  Goals 


Replanning 
Program 
Switch 


Plans 


Execution 


Replanning  Input  Generator 


Current 
State-of-World 

Updater 


A 


Actlvltles-ln-Progress 
Completion  Scheduler 


Plan 
Information 


Goal  Changes 
Furnished 
by  the  User 


The  Program  SWITCH  contains  a  replanning  input  generator.  Replanning  can  be  done  only 
for  situations  in  which  SWITCH  has  made  a  plan  but  the  goals  have  changed;  the  system 
still  assumes  that  the  original  knowledge  base  is  correct,  which  often  is  not  the  case.  Future 
development  is  aimed  at  compatibility  with  changing  knowledge  bases. 


gress  at  the  start  of  the  new  plan  and  ir- 
revocable activities  scheduled  to  start 
after  the  new  start  time. 

The  goal  portion  of  the  replanning  input 
is  not  automatically  generated,  because 
the  user  is  allowed  to  make  changes  in 
goals  that  the  program  cannot  predict.  The 
replanning  code  examines  the  goals  of  the 
existing  plan  and  collects  those  that  have 
not  been  fulfilled  into  a  tentative  goal  list, 
which  it  presents  to  the  user  for  editing. 

The  developers  of  the  program  expect 
to  explore  replanning  to  recover  from  ex- 
ecution errors  and  other  discrepancies. 


The  discrepancies  indicate  that  some  of 
the  assumptions  in  the  old  input  are  inac- 
curate. The  system  that  generates  the  new 
input  will  have  to  find  the  incorrect  as- 
sumptions within  the  knowledge  base  and 
replace  them  with  corrected  versions. 

This  work  was  done  by  Harry  J.  Porta  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. NPO-16941 /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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Liquid-Oxygen 
Expert  System 

A  complicated  system 
is  monitored  for 
equipment  failures. 

A  report  summarizes  the  structure,  ca- 
pabilities, and  development  history  of  the 
Liquid-Oxygen  Expert  System  (LES),  an  ar- 
tificial-intelligence system  designed  to  de- 
tect and  diagnose  failures  in  the  equipment 
network  that  loads  liquid  oxygen  into  the 
external  tank  of  the  Space  Shuttle  before 
the  launching.  This  system  is  designed  to 
detect  immediately  the  signs  of  trouble 
among  the  measurements  fed  into  the  cur- 
rent Launch  Processing  System  (LPS),  so 
that  the  more  common  failures  in  the  com- 
plex control  and  monitoring  system  can  be 
distinguished  from  the  less  common  fail- 
ures in  the  sensors  and  other  equipment 
that  the  instruments  monitor.  If  successful, 
the  LES  would  keep  the  LPS  from  mis- 
takenly delaying  or  canceling  launches. 

The  LES  contains  three  elements:  a 
knowledge  base,  a  constraint  mechanism, 
and  a  diagnoser.  The  knowledge  base  con- 
tains the  information  that  defines  and  de- 
scribes the  control  system.  Each  compo- 
nent in  the  control  system  is  represented 
by  a  frame  in  the  knowledge  base,  the  ulti- 
mate size  of  which  will  be  approximately 
2,000  frames.  The  knowledge  base  in- 
cludes the  representations  of  the  connec- 
tivity of  the  electrical,  pneumatic,  and 
mechanical  components  as  well  as  specif- 
ic characteristics  of  the  individual  compo- 


nents and  the  functional  relationship  be- 
tween components. 

Malfunctions  within  the  control  system 
cause  deviations  from  the  relationships 
described  in  the  knowledge  base  and  sig- 
nal a  constraint  failure.  When  a  constraint 
failure  occurs,  the  offending  measurement 
is  identified,  and  the  diagnosis  operation  is 
initiated. 

The  diagnoser  must  then  determine  the 
single  failure  within  the  control  system  that 
is  the  cause  of  the  measurement  devia- 
tions. The  diagnoser  performs  its  task  by 
searching  through  a  space  of  possible 
component  states  to  find,  if  it  can,  a  single 
bad  component  or,  failing  that,  a  list  of 
possibly  bad  components. 

The  search  space  is  pruned  by  a  series 
of  thought  experiments  that  determine  the 
measurement  values  pertinent  to  the  situa- 
tion. The  generality  of  this  approach  makes 
it  possible  to  centralize  the  information 
about  the  subject  control  system  entirely  in 
the  knowledge  base  and  to  include  only 
general  troubleshooting  logic  in  the  soft- 
ware. 

The  output  of  the  LES  is  in  the  form  of 
written  reports  similar  to  those  produced 
by  system  engineers.  The  LES  identifies 
single-point  failures  (when  it  is  possible  to 
do  so  from  the  input  data)  and  performs  as 


well  as  an  experienced  system  engineer, 
while  being  more  consistent  and  at  least  an 
order  of  magnitude  faster. 

This  work  was  done  by  John  R. 
Jamieson,  Jr.  and  Carl  I.  Delaune  of  Ken- 
nedy Space  Center. 

"A  Monitor  and  Diagnosis  Program  for  the 
Shuttle  Liquid  Oxygen  Loaoing  Operation, " 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Kennedy 
Space  Center  Refer  to 
KSC-11332  /TN 

John  F.  Kennedy 
Space  Center 

Technology  Utilization 
Officer:  Thomas  M 
Hammond 
Mail  Stop  PT-TPO-A 
Kennedy  Space 
Center,  FL  32899 
(305)867-3017 
Patent  Counsel: 
James  O  Harrell 
Mail  Code  PT-PAT 
Kennedy  Space 
Center,  FL  32899 
(305)  867-2544 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 


• 


749 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Goddard  Space  Flight  Center,  Greenbelt,  Maryland 


A  Work  Station  for  Control  of  Changing  Systems 

A  touch  screen  and  microcomputer  enable  flexible  control  of  complicated  systems. 


A  computer  work  station  equipped  to 
produce  graphical  displays  is  used  as  a 
command  panel  and  status  indicator  for  a 
command-and-control  system.  The  work- 
station operator  uses  the  images  of  control 
buttons  displayed  on  a  touch  screen  to 
send  prestored  commands.  The  use  of  a 
prestored  library  of  commands  reduces 
the  incidence  of  errors  that  are  likely  if 
each  command  were  entered  individually 
on  a  keyboard  in  real  time.  If  necessary, 
however,  the  operator  can  use  a  conven- 
tional keyboard  to  enter  commands  in  real 
time  to  handle  unforeseeable  situations. 

The  work  station  was  developed  for  con- 
trol of  the  Earth  Radiation  Budget  Satellite 
(ERBS),  in  which  faulty  commands  caused 
by  erroneous  manual  keying  could  have 
dire  consequences.  A  potential  industrial 
application  is  controlling  a  "just-in-time" 
production  line  in  which  units  are  to  be 
assembled  to  different  specifications  — 
for  example,  an  automobile  assembly  line 
where  body  types  and  factory  options  vary 
from  car  to  car  along  the  line.  With  a  reper- 
tory of  commands  on  the  touch  screen,  an 
operator  could  readily  command  the  ap- 
propriate parts  and  assembly  operations. 

The  station  includes  a  color  video-dis- 
play unit  with  the  touch  screen,  the  key- 
board, and  a  video  generator  controlled  by 
a  microcomputer  with  floppy-disk  drive 
(see  figure).  The  microcomputer  is  con- 
nected to  another  microcomputer,  which 
serves  as  the  application  processor,  and  to 
a  printer. 

Some  ideas  suggested  by  operators  will 
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A  Work  Station  offers  a  selection  of  touch-screen  buttons  for  issuing  commands  and 
displays  information  on  the  status  of  the  commanded  system.  The  operator  can  change  the 
display  of  buttons  at  will.  Usually,  only  those  buttons  needed  at  a  given  time  are  displayed. 
The  buttons  are  labeled  with  the  time  at  which  they  should  be  pressed  and  are  usually  laid 
out  in  order  of  use. 


be  incorporated  into  a  future  version  of  the 
station.  The  layout  of  button  images,  for  ex- 
ample, will  be  changed  to  make  frequently 
used  buttons  larger  than  others  so  that 
they  are  more  likely  to  be  hit  accurately. 
Unused  buttons  will  be  eliminated.  Win- 
dows can  be  displayed  on  the  screen  to 
show  interactive-dialog  boxes  and  to  com- 
bine related  commands  into  sections.  In 


addition,  it  will  be  possible  to  write  and 
store  commands  at  the  station,  rather  than 
at  another  terminal. 

This  work  was  done  by  Daniel  J.  Mandl 
of  Goddard  Space  Right  Center. 
GSC-13106  KN 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


750 


♦ 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Computer 
Software 


General-Purpose 
Image-Data  Program 

Files  of  image  data 
are  easily  retrieved 
and  analyzed. 

The  Image  Database  computer  program, 
IBASE,  is  a  general-purpose  imagery- 
information  system.  The  system  includes 
functions  for  cataloging  and  managing  files 
of  digital  images  and  for  conducting  analy- 
ses of  these  images.  Use  of  the  system 
may  be  accomplished  either  by  com- 
mands or  through  a  hierarchy  of  menus. 
The  analytical  capabilities  of  IBASE  include 
contigency  tables,  image  filtering  (low-, 
high-,  and  band-pass),  proximity  maps, 
clustering,  histograms,  regression,  slope 
calculations,  scaling,  and  Boolean 
manipulations.  I  BASE  also  has  an  interface 
to  the  Cheshire  Image  Classif  ication  expert 
system. 

All  information  stored  by  IBASE  is  con- 
sidered part  of  a  GeoCube.  A  GeoCube  is  a 


rectangular  region  defined  by  the  coordi- 
nates of  two  opposite  corners  and  can 
store  many  images  called  layers.  Each 
layer  contains  information  such  as  the 
name,  date,  and  layer  type.  An  IBASE  layer 
can  contain  a  report  or  data:  as  used  here, 
"report"  denotes  text  or  the  results  of  an 
IBASE  analysis,  and  "data"  denotes  such 
image  specifications  as  the  pixel  size,  the 
number  of  samples,  and  the  actual  contin- 
uous/discrete, integer/byte  image-data 
samples. 

The  various  analyses  are  performed  by 
specifying  input  data  layers  and  output  re- 
port layers.  Typical  IBASE  operations  in- 
clude listing  GeoCubes,  printing  data  or  re- 
port layers,  mapping  data  layers  using  a 
line-printer  gray  scale,  editing  data,  and 


routine  management  of  files  with  such  pro- 
cedures as  copy,  delete,  list/  print,  and 
summarize. 

IBASE  is  written  in  FORTRAN  77  for  inter- 
active execution  and  has  been  implement- 
ed on  a  DEC  VAX  11/780-series  computer 
operating  under  VMS  2.4.  The  program 
was  developed  in  1986. 

777/s  program  was  written  by  Steven  W. 
Engle  of  Informatics  for  Ames  Research 

Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center  Refer  to 
ARC-11712.  fTN 


Ames    Research    Ctr. 

Technology    Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  C  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


COSMIC* 

112  Barrow  Hall 
University  of  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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Mapper  of  FORTRAN 
Programs 

Relationships  among 
various  parts  of  a 
program  are  shown 
graphically. 


The  SUPERMAP  computer  program 
was  designed  to  produce  a  map  of  all  com- 
ponents and  attributes  of  a  FORTRAN  pro- 
gram. Unlike  the  maps  produced  by  the 
CRAY  FORTRAN  compiler,  which  relate 
only  to  a  single  module,  SUPERMAP  re- 
lates to  the  entire  program  unit. 

SUPERMAP  maps  the  usage  of  all  var- 
iables and  all  COMMONS  used  in  a 
FORTRAN  program.  It  also  maps  the  align- 
ment of  subprograms  CALLed  with  the  ar- 
guments and  dummy  arguments  of  the 
CALLed  subprogram.  SUPERMAP  tallies 
the  externals  called  by  each  module.  The 
tabular  output  can  be  directed  to  either 
132-character  printer  paper  or  to  a  ca- 
thode-ray-tube display.  SUPERMAP  can 
accommodate  up  to  20,000  unique  varia- 
ble names  and  100  undefined  variables. 

The  input  to  SUPERMAP  is  a  compiled, 
error-free,  FORTRAN  program  unit  with 
theCFT  option  ON  =  CNPQRSTX,  OFF 
=  ABDEFHIJLMOV.  It  reads  the  listing  of 
source  to  obtain  the  calling  statements 
with  the  name  and  arguments  for  these 


calls.  The  source  code  is  used  to  obtain 
names  of  PROGRAM,  FUNCTION,  BLOCK 
DATA  SUBROUTINE,  and  ENTRY  state- 
ments and  any  argument  list  associated 
with  one  of  these  statements.  Statement 
line  numbers  are  saved  when  any  of  these 
statements  is  found.  These  numbers  will 
be  used  to  associate  this  information  with 
information  obtained  from  the  maps.  Once 
an  END  statement  is  read  within  the 
source  program,  it  switches  to  reading  the 
CFT  map  that  follows  the  source  listing. 

The  CFT  map  is  cracked  for  information 
relating  to  variables,  externals,  and  COM- 
MONS. The  main  information  obtained 
shows  how  a  variable  is  used  within  the 
module  and  its  type  and  length  if  dimen- 
sioned. The  length  of  COMMONS  is  ex- 
tracted from  the  map.  Also,  references  to 
externals  are  gleaned  from  the  map.  When 
the  end  of  the  map  is  encountered,  it  loops 
back  to  read  the  FORTRAN  source  again 
and  continues  the  above  process  until  the 
end  of  all  FORTRAN  and  map  data  have 
been  obtained. 


Once  all  information  is  stored,  the  pro- 
gram prepares  tables  by  sorting  the  infor- 
mation into  required  form.  It  then  prepares 
information  extracted  about  external  calls 
into  a  meaningful  form  for  printing.  Then  it 
generates  maps  and  tables  of  externals, 
modules,  COMMONS,  and  variables. 

SUPERMAP  is  written  in  FORTRAN  77 
for  batch  execution  and  has  been  imple- 
mented on  a  CRAY  X-MP  22  (dual  CPU) 
computer  operating  under  COS  with  a  cen- 
tral-memory requirement  of  approximately 
63K  (octal)  words.  The  program  was  devel- 
oped in  1985. 

This  program  was  written  by  Clayton  J. 
Guest  of  Informatics  for  Ames  Research 
Center.  ARO11708/TN 
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Technology  Application 


Fermi  National  Accelerator  Laboratory 


Precision  Power  Supply  for  High-Power  Loads 


Modern  control  systems  often  require  high-power  current  regulators  which  are  capable  of 
operating  with  high  precision  as  four-quadrant  power  supplies.  Use  of  these  supplies  is  indicated 
for  power  loads  (inductive  or  otherwise)  requiring  a  four-quadrant  prime  mover,  exceptional 
stability,  low  ripple,  and  better  than  0.025%  accuracy.  They  can  also  be  used  for  dynamically 
trimming  the  current  in  one  element  of  a  high-current  series  load. 

The  high  power  loads  required  by  the  superconducting  magnets  in  Fermilab's  accelerators  has 
led  to  the  devising  of  a  precision  power  supply  to  meet  the  task.  Utilizing  a  unique  combination  of 
techniques,  the  FQ-1  is  a  dynamically  controllable  power  supply  that  achieves  very  tight  current 
specifications  while  energizing  the  high-power  inductive  loads  of  Fcrmilab  magnets.  The  currents 
are  precise,  amplified  replicas  of  dynamically  varying  bipolar  control  signals. 

The  FQ-1  was  designed  to  a  very  challenging  specification:  to  build  a  four-quadrant,  600- volt, 
50-amp  power  supply  that  could  regulate  load  current  precisely,  track  smoothly  through  zero 
current,  and  have  less  than  200  MV  peak-to-peak  output  ripple. 

To  meet  this  difficult  specification,  the  designers  first  solved  the  problems  of  operating  a  dual 
converter  with  circulating  current.  This  involved  extracting  a  circulating-current  signal  and  using 
it  to  control  two  SCR  bridges  connected  back-to-back  and  conducting  simultaneously.  They  then 
devised  a  unique  series  pass  transistor  filter  capable  of  filtering  in  all  four  quadrants  of  operation, 
which  reduced  output  ripple  to  less  than  30  MV  peak-to-peak. 


For  Additional  Information: 

Office  of  Research  and  Technology  Applications 

Fermi  National  Accelerator  Laboratory 

P.O.  Box  500 

MS  208 

Batavia.IL  60510 

(312)840-3333 

Refer  to  FAA-304/TN 


752 


NBS   technology  update 


National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburq,  MP  20899 


NBS  Finds  DAT  Copy-Prevention  System  Deficient 


An  encoding  system  proposed  by  CBS  Records  to  prevent  prerecorded 
music  from  being  copied  by  new  digital  audio  tape  (DAT)  recorders 
is  anadequate  on  three  counts  ,  NBS  concluded  after  a  five-month 
study  at  the  request  of  the  U.S.  Congress.     Specifically,  NBS  found 
that  "the  system  does  not  achieve  its  stated  purpose"  because  it 
sometimes  permits  the  recording  of  material  that  is  encoded  to 
prevent  copying  and  sometimes  inhibits  the  recording  of  material 
that  is  not  encoded.     Listening  tests  showed  that  for  some  listeners 
and  some  musical  selections,  inclusion  of  the  copy-prevention  code 
in  recorded  material  makes  a  "discernible  difference."     In  addition, 
NBS  found  that  the  copy-prevention  system  can  be  bypassed  easily. 
The  work  was  in  part  funded  by  two  groups  concerned  with  this 
issue,  the  Home  Recording  Rights  Coalition  and  the  Recording 
Industry  Association  of  America. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     PB88-1 69537/NAC 

Price  code:     A09 
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Acoustics  Images  of  Target  Range  on  the  Sonar  of 
Bats 


The  Office  of  Naval  Research 
(ONR)  began  research  on  bats  to 
identify  the  acoustic  features  of 
echoes  that  contribute  to  the 
formation  of  spatial  images  of 
targets.  This  research  has  led  to 
both  theoretical  and  experi- 
mental work  on  the  development 
of  hybrid  time/frequency  domain 
signal-processing  techniques. 

Bats  perceive  the  environ- 
ment with  a  biological  form  of 
active  sonar  called  echolocation. 
This  ability  provides  a  scientific 
opportunity  to  study  echo  signal- 
processing  and  real-time  extrac- 
tion and  display  of  information 
about  targets  in  echoes. 

Echolocation  is  a  naturally 
occurring  adaptation  of  the  vocal 
and  auditory  systems  that  joins 
bats'  capabilities  to  create  a  sonar 
system.  The  practice  of  echoloca- 
tion requires  an  unusual  degree 
of  coordination  of  sound  produc- 
tion and  hearing,  which  makes  it 
similar  in  some  respects  to 
human  speech.  Whereas,  speech 
sounds  lead  eventually  to 
representation  and  then 
perception  of  the  objects  and 
ideas  conveyed  in  words  and 
sentences,  bats'  sonar  sounds  lead 
to  representation  and  then 
perception  of  the  spatial  location 
and  recognition  of  objects. 

Bats  must  be  fairly  close  to 
small  targets  to  receive  echoes 
that  are  audible  to  them.  For  this 
reason,  echolocation  is  a 
relatively  short-range  mode  of 
perception,  although  one  must 
remember  that  it  still  permits  the 


bat  to  find  flying  insects  in  the 
dark  when  they  cannot  be  seen. 
The  big  brown  bat  will  react  to 
individual  mealworms  thrown 
into  the  air  when  the  target  is 
two     meters     away.  Not 

surprisingly,  the  bats'  auditory 
systems  are  specialized  for 
extracting  and  representing  the 
spatial  information  about  sonar 
targets  that  is  conveyed  to  the  bat 
by  the  acoustic  features  of  echoes. 


The  big  brown  bat's  external  ears  act  as 
receiving  antennae  for  it's  sonar  system. 
The  horn-shaped  pinna  is  the  echo 
gathering  element,  and  the  blade-shaped 
tragus  is  a  secondary  reflector  that 
generates  cues  for  determining  the 
target's  elevation.  This  species  emits  its 
sonar  sounds  through  the  mouth. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service, 
Code  E211, 

Naval  Surface  Weapons  Center, 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  130301/TN 
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Antenna  Matching  Program  Developed 


In  a  communication  system,  one  of  the  primary  concerns  is  maximum 
efficiency  in  signal  transmission  and  reception.     For  maximum  power 
transfer  there  must  be  an  impedance  match  between  antenna  and 
transmitter  (or  receiver).     A  basic  problem  is  to  design  a  coupling 
network  between  a  given  source  and  a  given  load  so  that  the  transfer 
of  power  from  the  source  to  the  load  is  maximized  over  a  given 
frequency  band  of  interest.    The  device  used  to  perform  this  impedance 
matching  is  called  an  antenna  matching  network. 

The  number  of  pieces  of  equipment  requiring  an  antenna  connection 
in  some  applications  may  exceed  the  number  of  acceptable  locations 
available  for  antennas.     One  solution  is  the  use  of  broadband  antennas 
that  have  a  low  VSWR  (voltage  standing-wave  ratio)  over  the  operating 
band.     Broadband  antennas  are  used  in  conjunction  with  multicouplers 
(filters  with  multiple  inputs)  to  provide  a  sufficient  number  of  antenna 
connections. 

Despite  the  aid  of  Smith  Charts,  the  traditional  design  of  an  antenna 
matching  network  by  engineering  experience  and  manual  calculation 
means  is  an  extremely  time-consuming  task.     Research  was  conducted 
to  relieve  the  engineer  of  the  tedious  numerical  calculations  involved 
in  the  network  design. 

Antenna  Matching  (ANTMAT),  an  interactive  BASIC  language  computer 
program  to  aid  in  the  design  of  a  matching  network  for  a  broadband 
antenna,  has  been  developed.     An  optimization  algorithm  finds  the  value 
of  the  components  that  minimize  the  input  reflection  coefficients.     At 
first,  the  ANTMAT  program  uses  the  optimization  algorithm  with  an 
exponential  weighting  function  for  the  determination  of  a  list  of  network 
candidates  from  which  a  matching  network  topology  is  selected.     After 
a  topology  (either  a  pi  network  or  a  T  network)  is  specified,  the 
optimization  algorithm  with  other  weighting  functions  finds  the  values 
of  the  components  that  minimize  the  input  reflection  coefficients. 

FOR  ADDITIONAL  INFORMATION:     A  copy  of  this  report  is  available 
from  NTIS,  Springfield,  VA  22161;  (703)  487-4600. 

NTIS  order  number:     AD-A187600/2/NAC 

Price  code:     A05 
To  discuss  this  effort  further,  contact  S.T.  Li,  Naval  Ocean  Systems 
Center,  Code  822,  San  Diego,  CA  92152-5000;  (61?)  225-2646. 
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Checking  Plumbing  Connections  Electrically 

Ports  are  identified  by  Zener-diode  voltages. 


Electronic  verification  circuits  assist  in 
the  assembly  of  multiple-line  plumbing  by 
helping  to  ensure  that  the  proper  lines  are 
joined  to  the  proper  input  and  output  ports. 
A  Zener  diode  and  an  electronic  jack  are 
added  to  each  fixture.  The  Zener  break- 
down voltage  is  different  for  each  port  — 
the  breakdown  voltage  may  be  1  V  for  an 
input  port  and  2  V  for  an  output  port,  for  ex- 
ample (see  figure). 

A  plumbing  fixture  with  the  electronic 
addition,  in  connecting  a  fluid  line  to  a  port, 
also  connects  a  test  computer  to  the  Zener 
diode  specific  to  each  port.  If  the  wrong 
line  has  been  connected  to  the  port,  the 
Zener  breakdown  voltage  will  be  incorrect, 
and  the  computer  will  not  initiate  tests.  The 
application  of  the  wrong  flow  or  of  flow  in 
the  wrong  direction  or  at  the  wrong 
pressure  is  thus  avoided,  and  damage  to 
the  system  is  prevented. 

This  work  was  done  by  Jerry  L.  Chappel 
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When  a  Fixture  Makes  a  Fluid  Connection,  it  also  makes  an  electrical  connection.  The  Zener 
breakdown  voltage  identifies  the  line,  port,  or  valve  to  which  a  fluid  line  has  been  connected. 

of  Rockwell  International  Corp.  for  Mar-       documentation  is  available. 
shall  Space  Right  Center.  No  further       MFS-29289/TN 
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Development  of  a  Digital 
Flight-Control  System 

The  feed-forward  control  path 
includes  inversion  of  the 
model  of  the  aircraft. 

A  report  describes  the  concept,  devel- 
opment, and  tests  of  a  digital  flight-control 
system  for  a  vertical-attitude-takeoff-and- 
landing  aircraft.  The  report  is,  in  effect,  a 
summary  of  previous  documents  that  dis- 
cuss various  aspects  of  the  system  and  its 
development  in  greater  detail.  It  should  be 
of  interest  to  flight-control  specialists  con- 
cerned with  aircraft  that  must  fly  in  a  wide 
range  of  aerodynamic  conditions. 

The  flight-control  system  is  based  in  an 
airborne  digital  computer.  It  combines  the 
control  of  attitude  and  thrust  in  a  unified 
system  for  operation  over  the  full  coupled 
ranges  of  velocity,  altitude,  attitude,  and  ac- 
celeration. The  system  is  based  on  a 
model-following  concept  in  which  several 
models  of  different  complexity  are  used,  in- 
cluding some  that  represent  essentially  all 
of  the  aerodynamic  and  propulsion  details. 

The  feed-forward  control  path  is  split  in- 
to a  command  section  and  a  control  sec- 
tion. The  command  section  generates 
smooth,  executable,  and  consistent  accel- 
eration-, velocity-,  and  position-command 
vectors  in  the  reference  inertial-axis  sys- 
tem (north,  east,  and  down)  in  response  to 
corresponding  rough  trajectory-command 
inputs  from  an  air-traffic-control  system, 
from  ground  vectoring,  from  a  trajectory 
stored  in  the  computer,  or  generated  by  the 
pilot  using  a  side-stick  controller  to  com- 
mand accelerations. 

The  control  section  of  the  feed-forward 
controller  computes  the  thrust  and  mo- 
ment controls  needed  to  produce  the  total 
commanded  acceleration.  The  series 


combination  of  the  control  section  and  the 
actual  aircraft  is  essentially  linear  with 
decoupled  axes  when  viewed  from  the 
command  section.  This  is  achieved  by  em- 
bedding an  inverse  of  the  force  and  mo- 
ment model  of  the  aircraft  in  the  control 
section  that  determines  the  aircraft  con- 
trols. The  regulator  feedback  loop  is  closed 
around  this  approximate  identity  and 
hence  can  be  easily  designed  by  linear 
methods.  It  is  called  upon  only  to  compen- 
sate for  disturbances  and  for  uncertainty  in 
the  model. 

The  model  is  inverted  by  applying  an 
iterative  Newton-Raphson  trim  procedure. 
Essentially,  this  procedure  is  a  multivaria- 
te adaptation  of  Newton's  method  for 
finding  the  root  of  an  equation  by  calculat- 
ing a  local  derivative  and  using  a  linear  ex- 
trapolation to  find  an  approximation  to  the 
root  in  an  iterative  way.  The  trim  procedure 
employs  the  force  and  moment  equations 
in  the  coordinate  system  of  the  aircraft. 

Computer-simulation  tests  were  carried 
out  over  a  range  of  flight  conditions  from 
vertical-attitude  hover  through  transition  to 
conventional  flight  at  high  subsonic 
speeds.  The  results  show  that  the  control 
system  performs  satisfactorily  over  a  large 
part  of  the  total  range  of  conditions.  The 
use  of  a  vertical  attitude-inertial-axis 
system  (up,  east,  and  north)  for  vertical- 
attitude  hover  maneuvers  was  quite  satis- 
factory. No  appreciable  transients  oc- 
curred, although  the  aircraft-attitude 
matrix  was  switched  at  three  places  in  the 
control  circuits  simultaneously  from  one  to 


the  other  reference-axis  system.  [Because 
the  switching  point  is  not  critical  and  could 
be  anywhere  between  attitudes  of  45°  and 
85°,  a  suitable  hysteresis  loop  could  pre- 
vent switching  chatter  when  going  through 
the  switching  region  in  either  direction. 

The  response  of  the  system  to  wind 
gusts  was  satisfactory  for  various  reasona- 
ble combinations  of  wind  magnitude  and 
direction.  However,  trim  failure  could  be  in- 
duced by  sufficiently  severe  disturbances. 

Right  tests  in  a  DHC-6  Twin  Otter  air- 
craft and  in  the  Augmentor  Wing  Jet  short- 
takeoff-and-landing  research  aircraft,  both 
of  which  used  multidimensional  table  look- 
up (instead  of  Newton-Raphson  iteration) 
for  model  inversion,  showed  good  agree- 
ment with  numerical  simulations.  In  a  cur- 
rent flight-test  program,  the  Newton- 
Raphson  model-inversion  technique  has 
been  used  successfully  to  control  a  UH-1 H 
helicopter  over  a  complex  trajectory  in 
spite  of  strong  nonlinear  coupling  between 
axes. 

This  work  was  done  by  G.  Allan  Smith 
and  George  Meyer  of  Ames  Research 
Center.  To  obtain  a  copy  of  the  report,  "Air- 
craft Automatic  Digital  Flight  Control  Sys- 
tem With  Inversion  of  the  Model  in  the 
Feed-Forward  Path, " 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames  Re- 
search Center  Refer  to  ARC-11778  /JN 

Ames    Research    Ctr. 

Technology    Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field.  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darren  C  Brekke 
Mail  Code  200-11 
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Noninterlaced-to-lnterlaced  Television-Scan  Converter 

Computer  text  and  ordinary  images  are  displayed  together  without  text  jitter. 


A  scan  converter  enables  the  superpo- 
sition of  alphanumeric^  text  generated  by 
a  computer-driven  video  generator  on  a 
National  Television  System  Committee 
(NTSC)  standard  interlaced-scan  image.  It 
is  made  of  commercially  available  integrat- 
ed circuits  and  operates  in  conjunction 
with  an  NTSC  synchronizing-signal  gener- 
ator. 

An  NTSC  picture  nominally  contains 
525  horizontal  lines  transmitted  in  two  al- 
ternating fields  of  262 1/2  lines  each  (see 
Figure  1a).  Field  1  contains  the  odd-num- 
bered lines,  while  field  2  contains  the  even- 
numbered  lines. 

On  the  other  hand,  the  text  video  gener- 
ators associated  with  computers  produce 
identical,  noninterlaced  fields  of  262  or  263 
lines  each.  Thus,  if  the  computer  video  out- 


FIELD  1 


put  is  used  directly  mastered  by  the  NTSC 
synchronization,  the  identical  text  is  pro- 
jected alternately  in  the  odd  and  even 
fields,  causing  the  letters  and  numbers  to 
move  up  and  down  by  one  line  space  at  the 
frame  rate  of  ~  60  Hz  (see  Figure  1b).  To 
prevent  this  motion,  one  can  use  either  or 
both  of  two  methods:  one  for  exclusively 
mixing  or  superposing  computer-generat- 
ed images  or  another  for  mixing  both  com- 
puter images  and  NTSC  interlaced  images. 
To  superpose  exclusively  computer  im- 
ages in  a  system  slaved  to  the  NTSC  stan- 
dard, it  becomes  necessary  to  do  the  fol- 
lowing: 

•  Postpone  the  vertical-drive  pulse  of  field  2 
so  that  it  occurs  at  the  time  of  the  263rd 
horizontal-drive  pulse,  so  that  field  2  starts 
exactly  where  field  1  did. 


1 


ONE  FRAME 

FIELD  1  AND  FIELD  2 

(525  LINES) 


With 

Scan 

Converter 


Figure  1.  A  Standard  Television  Picture  is  transmitted  in  two  interlaced  fields.  Without  the 
scan  converter,  the  text  image  moves  up  and  down  by  one  line  as  the  fields  change.  With  the 
scan  converter,  the  text  image  stands  still. 


•  Compensate  for  the  shortage  of  field  2  that 
was  left  with  only  262  lines  (525-263 
=  262)  so  that  the  scanning  of  the  entire 
screen  will  be  coincident  to  that  of  field  1. 
This  is  done  by  stealing  one  line  to  the  ver- 
tical retrace  (VR)  prior  to  the  vertical  trace 
(VT)  of  field  2. 

In  this  manner  the  visible  part  of  both 
fields  will  be  identical,  both  containing  the 
same  number  of  lines.  Only  the  VT  of  both 
fields  will  differ  in  one  line  count.  The  sim- 
plified timing  diagram  in  Figure  2  makes 
this  clearer. 

This  diagram  assumes  a  frame  of  21 
lines  instead  of  525.  This  "shorthand" 
NTSC  frame  does  not  affect  the  theory  of 
operation  of  the  circuit  but  makes  the  dia- 
gram more  readable.  In  other  words,  any- 
thing said  for  the  "shorthand"  frame  of  21 
lines  is  applicable  to  a  real  NTSC  frame  of 
525  lines.  In  both  cases,  one  is  concerned 
with  only  one  horizontal  line  and  with  onty 
one  horizontal  pulse. 

The  entire  "shorthand"  NTSC  frame  is 
composed  of  two  fields,  each  containing 
101/2  lines,  of  which  3  correspond  to  the  VR 
and  7!/2  to  the  VT  on  each  field.  In  the 
"shorthand"  modified  frame,  field  1  con- 
tains 1 1  lines,  of  which  3  are  for  the  VR  and 
8  for  the  VT,  while  field  2  contains  10  lines, 
of  which  only  2  correspond  to  the  VR  and  8 
to  the  VT. 

In  order  to  achieve  the  modified  frame, 
an  extra  pulse  is  given  to  the  horizontal 
counter.  This  pulse  has  the  following  two 
effects: 

1 .  Because  the  VR  is  terminated  at  the 
count  of  three,  the  VR  period  is  shortened 
to  two  NTSC  horizontal  pulses:  and 

2.  The  start  of  the  display  of  the  information 
of  field  2  coincides  with  that  of  field  1. 
The  use  of  the  extra  pulse  results  in  an 

NTSC  master  synchronization  that  is  suita- 
ble for  the  mixing  of  a  variety  of  images, 
without  sacrifice  of  the  advantage  of  the 
noninterlaced  system.  The  noninterlaced 
system  maintains  the  same  field  repeated 
every  1/60  second,  in  contrast  to  the  NTSC 
standard,  which  repeats  the  same  field 
every  1/30  second.  The  consequence  is 
less  flickering  at  the  expense  of  approx- 
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Figure  2.  These  Timing  Pulses  are  those  of  a  "shorthand"  frame  of  21  lines  that  is  similar  in  principle  to  a  standard  525-line  frame. 


imately  half  the  number  of  horizontal  lines. 
In  order  to  mix  computer-generated  im- 
ages to  NTSC  interlaced  images  it  be- 
comes necessary  to  do  the  following: 

•  Let  field  1  run  with  the  standard  262.5 
horizontal  lines. 

•  Suppress,  by  means  of  a  field  detector, 
any  portion  of  the  computer-generated 
images  during  the  interlaced  scanning; 
that  is,  during  the  NTSC  field  2. 

In  the  interlaced  scan,  the  vertical-drive 
pulse  in  field  2  occurs  between  two  hori- 
zontal-drive pulses,  whereas  the  vertical- 
drive  pulse  in  field  1  starts  simultaneously 


with  a  horizontal-drive  pulse.  The  scan 
converter  includes  a  field  detector,  which 
is  made  out  of  a  timing  circuit  that  opens  a 
"window"  of  10  us  at  the  beginning  of  each 
vertical-drive  pulse  of  the  interlaced-scan 
signal.  If  a  horizontal-drive  pulse  is  detect- 
ed during  this  "window"  (signifying  field  1), 
the  text  video  signal  for  field  1  is  trans- 
mitted, and  the  vertical  position  of  each 
horizontal  line  containing  information  is  de- 
termined according  to  the  line  count  start- 
ing from  the  reset  shown  in  Figure  2. 

If  a  horizontal-drive  pulse  is  not  detected 
during  the  "window"  (signifying  field  2) 


when  mixing  exclusively  computer  im- 
ages, a  video  signal  like  that  of  field  1  is 
transmitted,  but  an  extra  pulse  is  sent  to 
the  horizontal-line  counters  during  the  VR 
of  field  2.  If  computer  images  are  to  be 
mixed  with  NTSC  images,  only  the  com- 
puter information  of  field  1  will  be  included. 
This  work  was  done  by  Sergfa  Morales 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-16777/TN 
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Deviations  of  Microwave  Antennas  From  Homology 

Surface  distortions  are  quantified  over  a  range  of  tilt  angles. 


A  formula  has  been  advanced  to  quanti- 
fy the  deviation  of  a  paraboloidal  antenna 
reflector  from  the  intended  homologous 
shape,  over  a  range  of  tilt  angles.  As  used 

here,  "homology"  and  its  derivatives 
denote  a  concept  in  antenna  design  that 
compensates  for  the  primary  distortions  of 
the  reflector  surface  caused  by  such  varia- 
ble loads  as  those  of  tilt,  wind  gusts,  and 
temperature:  The  antenna  is  designed  so 
that  when  tilted,  the  paraboloidal  reflector 
deforms  as  nearly  as  possible  to  another 
paraboloid  (called  the  homologous  parab- 
oloid) that  may  have  a  focal  length,  focal 
point,  and  axial  direction  different  from 
those  of  the  original  paraboloid. 

In  practice,  the  surface  of  the  reflector 
has  ripples.  The  rippled  surface  can  be 
characterized  in  part  by  a  best-fit  parabo- 
loid, about  which  the  root-mean-square 
(rms)  ripple  is  a  minimum.  This  best-fit 
paraboloid  differs  from  the  theoretical 
paraboloid  required  by  antenna  theory  (see 
figure);  but  to  the  degree  to  which  the 
design  is  successful,  it  conforms  to  the 
homologous  paraboloid. 

In  quantifying  the  deviation  of  the  best-fit 
surface  of  a  real  reflector  from  the  homolo- 
gous surface,  the  new  formula  gives  a 
measure  of  the  success  of  the  design.  The 
best-fit  surface  is  characterized  at  a  tilt 
angle,  a,  for  a  given  vector,  h,  of  homology 
parameters  given  by 

h  =  (u0,  va  w0,  k,  p,  y) 


where  u0,  v0,  and  vv0  denote  the  translation 
of  the  vertex  in  the  orthogonal  directions  x, 
y,  and  z,  respectively;  k  denotes  the 
change  in  focal  length;  and  p  and  y  denote 
rotations  about  the  x  and  y  axes,  respec- 
tively. The  rms  deviation  of  the  surface 
from  the  best-fit  paraboloid  specified  by  h 
is  then  given  by 

rms(a)  =  min  { Vt  [/  <j2(S)dS//dS],/j}h 

where  6(S)  is  the  local  deviation  at  point  S 
on  the  surface  and  the  integrals  are  taken 
over  the  surface. 

If  the  antenna  has  a  perfect  paraboloidal 
surface  at  all  tilt  angles,  then  rms(a)  =  0. 
However,  because  there  is  an  irreducible 
amount  of  ripple  even  in  the  absence  of 
mechanical  loads,  a  more-practical  homol- 
ogous-design strategy  is  to  strive  for  rms(a) 
=  a  constant.  The  new  formula  expresses 
the  deviation,  H,  from  homology  as  follows: 

H  =  {(a2  -  ffl)  -1  f*  [rms(cO  -  rms]2  da}  * 

where  the  measurements  are  made  at  all 
tilt  angles  between  a1  and  a2  and 


rms 


=  ("2-«i)-1f;i2rms(a)c/a  = 
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the  average  of  rms(a)  for  angles  betweeen 
cr1  and  a2.  For  a  homologous  antenna, 
rms(a)  =  rms  for  all  a,  resulting  in  H  =  0. 


A  Reflector  Surface  has  ripples.  The  para- 
boloid that  makes  the  best  rms  fit  to  the  rip- 
pled surface  does  not  necessarily  conform 
to  the  paraboloid  called  for  in  the  theoreti- 
cal antenna  design.  Here,  the  best-fit  para- 
boloid is  tilted  with  respect  to  the  theoreti- 
cal paraboloid. 


Because  the  antenna  gain  decreases 
with  rms(a),  H  is  a  measure  of  the  variabili- 
ty of  the  antenna  gain  with  changes  in  tilt 
angle.  Measurements  of  gain  on  two  large 
microwave  antennas  confirm  the  correla- 
tion between  the  variability  of  gain  and  the 
deviation  from  homology. 

This  work  was  done  by  Krystyna 
Kiedron  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory.  ;tn 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


759 


(WNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Licensing 
Opportunity 


NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Optical  Isolator  for  Use  With  Single-Mode  Fiber 

Unusually-low  forward-transmission  loss  and  high  reverse-transmission  loss  are  achieved. 
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An  assembly  of  commercially  available 
components  acts  as  a  signal  isolator  for  a 
single-mode  optical  fiber.  The  degree  of 
isolation  (that  is,  the  attenuation  of  signals 
traveling  in  the  opposite  of  the  intended  di- 
rection along  the  fiber)  is  approximately 
that  of  two  previously-commercially-avail- 
able optical  isolators  in  series.  Because 
such  isolators  cost  about  $3,000  apiece 
(1986  prices),  the  new  design  should  re- 
duce the  costs  and  improve  performance 
of  optical  gyroscopes,  precise  time-  and 
frequency-signal-distribution  systems,  and 
other  systems  that  include  fiber  optics  and 
isolators. 

Isolators  are  needed  because  reflec- 
tions cause  intolerable  instabilities  (e.g., 
changes  in  frequency)  in  some  fiber-optic 
systems.  The  best  single-mode  fiber-optic 
isolators  previously  available  exhibited  re- 
verse-transmission losses  of  30  to  40  dB 
and  forward-transmission  losses  of  3  to  4 
dB  per  unit.  It  was  necessary  to  place  two 


such  units  in  series  to  obtain  the  isolation  of 
more  than  60  dB  required  in  some  fiber-op- 
tic systems. 

The  new  assembly  (see  figure)  attenu- 
ates reverse  transmission  by  70  dB  or 
more,  while  imposing  a  loss  of  only  2.6  dB 
on  signals  transmitted  in  the  forward  direc- 
tion. The  single-mode  input  signal,  at  a 
wavelength  of  1.3  ^m,  is  coupled  in  along 
one  of  two  fiber-optic  pigtails.  The  input 
light  beam  is  expanded  by  lenses  in  an  ex- 
panded-beam  single-mode  fiber-optic  con- 
nector. The  expanded  beam  passes 
through  a  4-mm-aperture  optical-isolator 
unit  that  contains  two  polarizers  and  a  rota- 
tor, then  passes  out  into  the  other  pigtail 
through  a  fiber-optical  connector  like  that 
at  the  input  end. 

The  degree  of  isolation  would  ordinarily 
be  limited  by  scattering  due  to  internal  re- 
flections in  the  isolator  unit  because  the  po- 
larization of  scattered  light  is  not  in  the  di- 
rection required  for  high  attenuation.  The 


The  Assembly  of  Commercially  Available 

Components  acts  as  a  single-mode  fiber- 
optic isolator  with  lower  forward-transmis- 
ion  loss  and  higher  attenuation  of  reverse 
transmission  than  were  previously  achieved 
in  a  single  such  unit. 

nonuniformity  of  the  polarizers  across  their 
diameters  would  also  ordinarily  reduce  the 
degree  of  isolation.  However,  both  effects 
are  counteracted  by  the  expanded-beam 
fiber-optical  connectors,  which  have  a 
small  aperture  (expanded-beam  diameter 
of  1.5  mm)  and  strongly  attenuate  scat- 
tered light  more  than  a  few  milliradians  off 
axis. 

This  work  was  done  by  George  F.  Lutes 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  NASA  Resident  Office-JPL 
Refer  to  NPO-1 7207.  fTN 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer:  Gordon  S 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354-4849 
Patent  Counsel 
Paul  F  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)354  2734 
Technology  Utilization 
Mgr  tor  JPL  Norman 
L  Chaltm 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena.  CA  91109 
(818)354-2240 
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VLSI  Architecture  of  a  Binary  Up/Down  Counter 

Identical  stages  contain  relatively-few  logic  gates. 
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The  Binary  Up/Down  Counter  contains  a  simple  "pipeline"  array  of  identical  cells.  A  programmable  logic  unit  converts  the  increment  and  dec- 
rement input  signals  to  the  "U"  and  "D"  signals  required  by  the  algorithm  of  the  counter. 


A  new  algorithm  simplifies  the  design  of 
a  binary  up/down  counter.  The  new  al- 
gorithm reduces  the  number  of  logic  oper- 
ations below  that  of  other  up/down  count- 
ers. The  design  is  regular,  simple,  and 
expandable:  a  counter  that  handles  many 
bits  can  be  made  of  identical  cells,  each 
containing  relatively-few  logic  gates.  Thus, 
the  design  is  suitable  for  very-large-scale 


integrated  circuits. 

The  input  to  the  counter  can  have  the 
value  1,  0,  or  — 1.  Equivalent^,  the  input 
can  be  represented  by  signals  on  two  bit 
lines,  U  and  D:  Signals  to  count  up,  count 
down,  or  not  change  would  be  represented 
by(L/  =  1,D  =  0),(l7  =  0,D  =  1),or(L/  = 
D  =  0),  respectively.  The  new  algorithm 
specifies  the  nth  bit  in  the  counter,  as^  m 


=  /An(f-1)*[(L/.Pn)U(D.0n)] 
where  An  =  the  digit  representing  the 
n-1st  power  of  2,  f  =  time  in  discrete 
units  of  a  fundamental  clock  period, 

n-1  n-1 

Pn  =  I!  K  0n  =  n  K  the  bar  over  "V 
denotes  the  complement  of  A^  ©  denotes 
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a  logical  "exclusive  OR,"  U  denotes  logi- 
cal "inclusive  OR,"  and  •  denotes  logical 
"and." 

It  is  not  necessary  to  compute  the  full 
product  Pn  and  Qn  for  each  bit.  Instead,  the 
cell  for  each  bit  receives  the  product  from 
the  cell  of  the  preceding  bit  and  calculates 
the  values  from  the  recursive  formulas  Pn 

--  P„_i  'An_,  and  Qn  = 


<w>w 


except  that  P1  =  Q^  =  1. 

This  algorithm  can  be  executed  by  cells 
(one  for  each  bit)  in  a  simple  "pipeline" 
configuration  (see  figure).  The  inputs  to  the 


nth  cell  are  U,  D,  P^  and  Qn,  while  the  out- 
puts are  U,  D,  Pn+V  Q„+1,  and  An+1.  All 
the  cells  are  identical  except  cell  1,  the  P 
and  0  registers  of  which  are  wired  to  hold 
the  values  P,  =  01  =  1  permanently. 

The  counter  can  increment  or  decre- 
ment once  every  clock  period.  Because 
one  clock  period  is  needed  to  propagate 
the  calculation  to  each  succeeding  cell, 
the  final  value  of  the  most  significant  bit  in 
an  /V-bit  counter  is  displayed  N  time  units 
after  the  increment  or  decrement  signal 
has  been  fed  in;  that  is,  the  updated  count 
"ripples"  through  the  counter  at  the  rate  of 


1  bit  per  clock  period. 

7n/s  work  was  done  by  In-Shek  Hsu  and 
Trieu-Kie  Truong  ofCaltech  and  I.  S.  Reed 
of  the  University  of  Southern  California  for 
NASA's  Jet  Propulsion  Laboratory 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
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Refined  Transistor  Model 
for  Simulation  of  SEU 

An  equivalent  base 
resistance  is  added. 

A  theoretical  study  develops  equations 
for  the  parameters  of  the  Gummel-Poon 
model  of  a  bipolar  junction  transistor:  these 
include  the  saturation  current,  amplifica- 
tion factors,  charging  times,  knee  currents, 
capacitances,  and  resistances.  The  por- 
tion of  the  study  concerned  with  the  base 
region  goes  beyond  the  Gummel-Poon  an- 
alysis to  provide  a  more  complete  un- 
derstanding of  transistor  behavior.  The 
extended  theory  is  especially  useful  in  the 
simulation  of  single-event  upset  (SEU) 
caused  in  logic  circuits  by  cosmic  rays  or 
other  ionizing  radiation. 

The  analysis  begins  with  the  standard 
equations  for  the  emitter,  collector,  and 
base-terminal  currents  as  functions  of  the 
base-to-emitter  and  collector-to-base  volt- 
ages, as  well  as  of  the  model  parameters: 
these  are  the  basic  equations  of  the 

Gummel-Poon  model.  The  equations  for 
the  diffusion  and  recombination  of  elec- 
trons and  holes  are  then  used  to  derive  ex- 
pressions for  the  electron-  and  hole-cur- 
rent densities  as  functions  of  the  voltages, 
some  of  the  dimensions  of  the  device,  and 
of  such  material  properties  as  the  diffusion 
constants  and  number  of  donor/acceptor 
atoms  per  unit  volume.  These  expressions 
are  multiplied  by  the  appropriate  cross- 
sectional  areas  and  combined  to  obtain 


equations  for  the  terminal  currents.  A  com- 
parison of  these  equations  with  the  basic 
Gummel-Poon  equations  yields  equations 
for  the  Gummel-Poon  device  parameters. 

The  Gummel-Poon  model  represents 
the  transistor  as  a  stack  of  essentially-one- 
dimensional  emitter,  collector,  base,  and 
depletion  regions.  However,  in  practice, 
the  base  current  is  introduced  through  a 
terminal  at  the  side,  thereby  causing  a  lat- 
eral variation  in  the  base-to-emitter  voltage 
and  of  the  longitudinal  current  density. 

The  extended  model  treats  the  lateral 
variation  by  recognizing  the  two-dimen- 
sional nature  of  theproblem  in  the  formula- 
tion of  the  current-density  equations  for  the 
base  region.  The  solution  to  these  equa- 
tions is  essentially  a  correction  term  to  the 
Gummel-Poon  model,  in  the  form  of  a  cur- 
rent-dependent resistance  RB between  the 
portion  of  the  base  in  the  longitudinal  emit- 
ter/base/collector region  and  the  portion  of 
the  base  in  the  lateral  base/collector  region 
where  the  base  contact  is  attached. 

The  extended  model  improves  the  an- 
alysis of  experimental  SEU  data  in  that  it 
enables  one  to  distinguish  the  effects  of 
ions  traveling  through  one  region  from  the 
effects  produced  in  another  region, 
whereas  the  original  Gummel-Poon  model 
made  no  such  distinction.  To  test  the  ex- 


tended model,  SEU  cross  sections  were 
measured  on  a  bipolar  integrated-circuit 
chip  irradiated  with  bromine  ions  at 
energies  of  50  to  100  MeV.  The  two-dimen- 
sional correction  is  consistent  with  the 
observed  cross  sections  as  a  function  of 
ion  energy.  Apparently  RB  serves  to  im- 
pede the  flow  of  ion-induced  charge  from 
the  base-contact  region  into  the  longitudi- 
nal current  path,  so  that,  for  ions  incident  in 
the  base-contact  region,  a  higher  energy  is 
required  to  cause  SEU. 

This  work  was  done  by  John  A. 
Zoutendyk  and  Reuben  Benumof  of  Cat- 
tech  for  NASA's  Jet  Propulsion  Labora- 
tory. To  obtain  a  copy  of  the  report, 
"Theoretical  Values  of  the  Gummel-Poon 
Model  of  a  Bipolar  Junction  Transistor" 
and  of  the  accompanying  explanatory 
note,  "Modification  of  the  Gummel-Poon 
Transistor  Model  to  Enable  the  Accurate 
Simulation  of  Single-Event  Upset  (SEU)  in 
Bipolar  Integrated-Circuit  Chips, " 
NPO-16771  /TN 
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Battery  Driven  8-Channel  Pulse  Height  Analyzer 


A  portable  battery-powered  8-channel  pulse-height  analyzer  is  used 
to  detect  the   186  KeV  gamma  emission  of  uranium-235.     The  instru- 
ment weights  15  lbs,  has  a  compact  CRT  display,  and  a  Nal  photo- 
multiplier  mounted  in  a  probe  at  the  end  of  the  20-ft  long  cable. 
The  instrument  is  ideally  suited  for  field  use  by  technicians  to  survey 
lines,  vessels  and  containers  for  the  presence  of  uranium-235.     The 
instrument  is  portable,   rugged,  simple,  and  specific  for  the  detection 
of  uranium-235.     The  potential  use  is  in  Government  and  industrial 
facilities  for  accountability  survey  of  uranium-235  in  vessels,  pipes 
and  containers. 

FOR  ADDITIONAL  INFORMATION:     Mr.  Ron  J.  Bliss,  Idaho  National 
Engineering  Laboratory,  PO  Box  4000,  Idaho  Falls,  ID  83403;  (208) 
526-0997.    Refer  to  DOE/INEL-042. 
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MOSFET  Electric-Charge  Sensor 

A  charged-particle  probe  would  be  compact  and  would  consume  little  power. 


A  proposed  modification  would  enable  a 
metal  oxide/semiconductor  field-effect 
transistor  (MOSFET)  to  act  as  a  detector  of 
static  electric  charges  or  energetic 
charged  particles.  Because  MOSFET's 
are  smaller  than  conventional  electrostatic 
probes  and  consume  less  power,  a 
MOSFET  probe  of  the  new  type  might  be 
useful  in  compact,  lightweight  equipment 


Low-Energy 
Detector 


Medium-Energy 
Detector 


High-Energy 
Detector 


Figure  2.  A  Stack  of  Modified  MOSFET's 

would  constitute  a  detector  of  energetic 
charged  particles.  Each  gate  would  "float" 
to  the  potential  induced  by  the  charged- 
particle  beam  that  would  penetrate  its  lay- 
er. 
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MEASURING  CIRCUIT 

Figure  1.  In  the  Modified  MOSFET,  the 
thickened  gate  insulation  would  act  as  the 
control  structure.  During  measurements 
the  metal  gate  would  be  allowed  to  "float" 
(in  an  electrostatic  sense)  to  the  potential 
of  the  charge  accumulated  in  the  insula- 
tion. 


for  monitoring  charges  on  the  surfaces 
and  in  the  interiors  ot  dielectrics,  mapping 
strong  electrostatic  fields,  or  measuring 
the  penetration  of  ionizing  radiation 
through  material  layers. 

The  modification  (see  Figure  1)  is  a 
thickening  of  the  insulating,  passivating 
layer  over  the  gate  from  the  conventional 
depth  of  about  1  ^m  to  a  new  depth  (typi- 
cally, 2  to  20  i^r\)  that  favors  the  accumula- 
tion of  electric  charges.  Either  permanent- 
ly or  during  measurement  periods,  the  gate 
would  be  electrically  isolated  so  that  it 
would  float  to  a  potential  determined  by  the 
accumulated  charge. 

The  gate  potential  would  affect  the  elec- 
tric field  in  the  MOSFET  conduction  chan- 
nel and  could  therefore  be  used  to  control 
the  drain  and  source-  currents.  With  the 
source  and  drain  connected  in  the  source- 
follower  configuration,  the  voltage  at  the 
source  terminal  would  provide  a  conveni- 
ent, low-impedance  signal  indicative  of  the 
accumulated  charge. 

By  the  choice  of  the  initial  gate  bias,  the 
MOSFET  can  be  placed  in  the  enhance- 
ment or  the  depletion  mode.  The  voltage 
superimposed  on  the  bias  by  the  subse- 
quent accumulation  of  charge  could  thus 
be  made  to  increase  or  decrease  the  con- 
ductivity of  the  channel.  The  polarities  can 
also  be  reversed:  instead  of  the  negative- 
channel  MOSFET  shown  here,  a  positive- 
channel  MOSFET  can  be  formed  by  inter- 
changing the  positive  and  negative  doping. 

At  the  end  of  the  measuring  interval,  the 
metal  gate  could  be  reconnected  to  the 
bias-voltage  sou  rce  or  to  g  round  to  remove 
the  accumulated  measured  charge.  The 
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gate  could  also  be  connected  to  a  voltage 
source  for  calibration  or  checking. 

A  MOSFET  of  the  new  type  could  be 
placed  inside  a  larger  insulator  to  measure 
the  internal  electrostatic  field  or  the  density 
or  flux  of  charged  particles.  The  MOSFET 
could  be  embedded  in  a  dielectric  object 
with  its  gate  structure  acting  as  a  sampling 
area  of  the  surface  to  measure  the  surface 
charge. 

A  spectrometer  for  energetic  charged 
particles  could  be  built  by  stacking  several 


of  the  new  MOSFET's.  In  the  example  of 
Figure  2,  the  top  transistor  would  be  made 
with  an  aluminum  gate  to  trap  low-energy 
charges.  Medium-energy  charges  would 
penetrate  to  the  middle  transistor,  which 
would  have  an  iron  gate.  Charges  of  higher 
energy  would  penetrate  to  the  gold  gate  in 
the  bottom  transistor.  Stacks  with  more  or 
fewer  transistors  and  different  gate  metals 
could  be  constructed,  depending  on  the  re- 
quired transparency  or  opacity  to  particles 
of  various  energies  and  the  resolution  de- 


sired in  various  parts  of  the  energy  spec- 
trum. 

This  work  was  done  by  Paul  A. 
Robinson,  Jr.,  of  Caltech  for  NASA's  Jet 
Propulsion  Laboratory. 
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Canceling  Electromagnetic  Interference  During  Tests 

An  old  technique  solves  a  modern  problem. 


A  simple  amplitude-and-phase-cancel- 
lation  technique  removes  strong  electro- 
magnetic interference  from  a  received  test 
signal,  enabling  the  recovery  of  the  rela- 
tively weak  signal  from  the  device  under 
test.  The  technique  is  particularly  useful  in 
outdoor  tests  of  devices  for  electromag- 
netic compatibility;  in  such  tests,  interfer- 
ing signals  often  overwhelm  those  from  the 
devices  under  test,  thereby  making  the 
tests  impossible  to  conduct  or  compromis- 
ing the  results. 

The  technique  is  based  on  destructive 
interference  between  the  interfering  com- 


ponent in  the  test  signal  and  an  oppositely 
polarized  version  of  the  interfering  signal. 
As  shown  in  the  figure,  an  antenna  is 
placed  near  the  device  under  test;  this 
antenna  receives  the  test  signal  corrupted 
by  the  interfering  signal.  A  second  antenna 
is  placed  much  farther  from  the  device 
under  test  so  that  it  receives  a  much 
weaker  signal  from  the  device  under  test, 
although  it  receives  nearly  the  same  in- 
terfering signal. 

The  signal  from  the  first  antenna  is  am- 
plified and  shifted  in  phase  by  180°.  The 
signal  from  the  second  antenna  is  fed 
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Spectrum 
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The  Common-Mode  Interfering  Signal  received  by  both  antennas  is  canceled  at  the  input  of 
the  spectrum  analyzer,  leaving  only  the  signal  from  the  device  under  test. 


through  a  variable  attenuator  that  has 
been  previously  set  so  that  the  interfer- 
ence-signal outputs  of  both  antenna  cir- 
cuits have  equal  amplitude.  Thus,  when  the 
two  signals  are  combined  at  the  input  ter- 
minal of  a  spectrum  analyzer,  the  equal  but 
opposite  interference  components  cancel, 
leaving  only  the  desired  signal  from  the 
tested  device.  (A  small  device-signal  com- 
ponent is  present  in  the  signal  from  the 
second  antenna.  This  causes  a  slight  re- 
duction of  the  device  signal  at  the  input  of 
the  spectrum  analyzer,  but  this  reduction  is 
easy  to  take  into  account  at  subsequent 

stages  of  signal  processing.) 

The  technique  was  verified  in  the  test 
of  a  device  transmitting  at  59.75  MHz  and 
subject  to  a  strong  interfering  signal  from 
a  television  station  operating  on  channel 
2.  The  first  antenna  was  placed  at  a  dis- 
tance of  1  m  from  the  device,  while  the 
second  antenna  was  placed  17  m  from  the 
device.  The  interfering  signal  was  so 
strong  that  the  device  signal  could  not  be 
distinguished  in  the  output  of  the  near 
antenna.  When  the  cancellation  technique 
was  employed,  the  device  signal  was 
clearly  distinguishable. 

This  work  was  done  by  Paul  A. 
Robinson,  Jr.,  and  Larry  D.  Edmonds  of 
Caltech  for  NASA's  Jet  Propulsion  Lab- 
oratory. 
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Pulse  Coil  Tester 

A  set  of  relays  can  be  tested 
easily  and  repeatedly. 


A  testing  circuit  helps  to  identify  short 
circuits  in  relay  coils  or  similar  inductors. 
The  tester  (see  figure)  applies  a  gradual 
current  pulse  to  each  coil,  then  suddenly 
turns  it  off;  this  causes  the  coil  to  emit  a 
transient  high  voltage,  the  waveform  of 
which  can  be  viewed  on  an  oscilloscope  or 
recorded.  The  waveform  of  the  tested  coil 
can  then  be  analyzed  and  compared  with 
the  waveform  of  a  reference  coil  or  with  a 
previous  waveform  from  the  tested  coil,  to 
determine  whether  the  tested  coil  has  de- 
veloped any  shorted  turns. 

Under  the  overall  control  of  a  timing  cir- 
cuit, the  current  pulses  are  applied  at  a  rep- 
etition rate  of  7.14  Hz.  Just  before  each 
pulse,  a  relay  switch  in  the  tester  connects 
the  tester  to  the  coil.  After  a  5.25-ms  delay 
that  allows  for  the  closure  of  the  relay,  an 
integrating  circuit  generates  a  voltage  that 
ramps  to  -6.2  V  in  21.8  ms  and  is  then 
held  at  -6.2  V  by  a  Zener  diode:  this  volt- 
age waveform  controls  a  current-generat- 
ing circuit  that  applies  to  the  coil  a  similar 
current  waveform  that  ramps  up  and  is 
held  steady  at  35  mA. 

Next,  the  relay  switch  is  disconnected 
from  the  coil.  The  resulting  inductive  tran- 
sient voltage  is  fed  through  a  1 00:1  attenu- 
ator and  a  buffer  amplifier  to  the  oscillo- 
scope or  other  suitable  monitor.  After  a 
delay  of  5.25  ms  that  allows  for  the  open- 
ing of  the  relay,  the  integrating  circuit  is 
reset  for  the  next  current  pulse. 

The  tester  can  accommodate  an  as- 
sembly of  up  to  four  coils  at  a  time.  One 
pole  of  a  doub'e-pole,  quadruple-throw 
rotary  switch  selects  one  of  four  relays, 
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The  Pulse  Coil  Tester  causes  the  coil  under  test  to  generate  a  transient  voltage,  the  wave- 
form of  which  indicates  the  condition  of  the  coil. 


each  of  which  is  connected  to  one  of  the 
coils  to  be  tested.  The  other  pole  connects 
the  attenuator/buffer  for  that  coil  to  the  out- 
put connector. 

A  total  short  circuit  across  a  coil  does 
not  harm  the  tester:  the  current  generator 
is  designed  to  supply  the  current  at  the  reg- 
ulated 35-mA  value  while  dissipating  the 
excess  power.  Additional  "fallback"  pro- 
tection against  overcurrent  in  the  coil  is 
supplied  by  resistors  in  the  current  genera- 
tor, by  the  power  supply,  and  by  a  100-mA 


fast-blow  fuse  in  series  with  each  tested 
coil. 

This  work  was  done  by  Richard  A. 
Simon  of  Rockwell  International  Corp.  for 
Marshall  Space  Flight  Center. 
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767  Low  Excess  Air  Burners  Are  Cost  Effective  and  Efficient 

768  Self-Cooling  Lithium/Sulfide  Battery  —  Compact  power  and  energy 
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Low  Excess  Air  Burners  are  Cost  Effective  and 
Efficient 


# 


Low  Excess  Air  (LEA)  burn- 
ers, designed  to  operate  with  total 
excess  air  of  five  percent  or  less, 
can  help  cut  fuel  costs  by 
thousands  of  dollars  annually. 

Most  conventional  burners  in 
service  today  utilize  15-  to  20- 
percent  excess  air  under  optimum 
operating  conditions.  Heating 
additional  air  above  the 
minimum  required  for  complete 
combustion  lowers  boiler  heat 
transfer  efficiency  and  wastes 
fuel.  The  LEA  burners  minimize 
this  energy  loss  at  the  start  of 
combustion.  Also,  they  control 
effects  of  poor  windbox  air 
distribution  by  using  venturi 
throats  that  send  an  evenly 
controlled  airflow  into  the 
furnace   reducing   excess   air 


demand  caused  by  inefficient  fuel 
and  air  mixing. 

The  Navy  Energy  and 
Environmental  Support  Activ- 
ity's (NEESA)  coal/air  team 
recently  became  involved  in  the 
installation  and  testing  of  LEA 
heavy  oil  burners.  Results  of 
tests  run  on  one  new  installation 
show  that  boilers  run  best  when 
excess  air  limits  are  kept  between 
5  and  10  percent.  If  LEA  burners 
are  being  considered  either  as  a 
replacement  for  existing  equip- 
ment or  in  a  new  installation, 
NEESA  can  assist  in  equipment 
selection. 


For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service, 
Code  E2 11, 

Naval  Surface  Weapons  Center, 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  130101/TN 
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Bringing  Argonne  Research  and  Development  to  Industry 
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Self-Cooling  Lithium/Sulfide  Battery 

Compact  power  and  energy  storage  for  advanced  capability, 

self-cooling  during  intense  power  pulsing 


The  battery  is  a  compact  power  and  energy 
storage  battery  for  devices  that  require  special 
capabilities,  such  as  electric  vehicles,  satellites, 
and  advanced  military  devices.  This  new 
electrochemical  cell  consists  of  a  highly  conduc- 
tive molten-salt  electrolyte  (at  400°C)  and  high 
energy-density  electrodes;  lithium-aluminum 
negative  electrode  and  a  dense  high-voltage 
FeS2  positive  electrode. 

The  new  cell  promises  an  unequaled 
combination  of  high  power  (200-300  W/kg)  at 
energies  of  175-200  Wh/kg  for  more  than  1,000 
recharges  without  degradation.  The  discovery 
of  a  new  molten-salt  electrolyte  (LiCI-LiBr-KBr) 
has  enhanced  performance  and  alleviated  the 
capacity  degradation  that  plagued  earlier 
development.  Its  exclusive  high-voltage  FeS2 
operation  provides  the  cell  with  a  strong  ther- 
modynamic cooling  effect  in  discharge. 
Adiabatic  (self-contained)  operation  at  intense 
power  (250  kW/kg  for  mS  duration)  is  a  unique 
feature  of  this  battery.  The  battery  has  50-100% 
greater  performance  than  other  advanced 
battery  systems  and  high  durability.  These 
characteristics  are  expected  to  spur  develop- 
ment of  new  battery-powered  devices. 

An  excellent  safety  record  is  another 
important  feature  of  this  high-power  battery  with 
molten-salt  electrolyte.  The  battery  is  operated 
in  a  sealed  environment.  During  tests  in  a 
variety  of  abusive  conditions,  no  safety  prob- 
lems have  ever  been  identified  for  this  battery. 


Additional  Information 


power   battery,    high 


Key   Words:      intense   pulse 
energy-density  storage  battery 

Literature:       T.    D.    Kaun,    J.    Electrochem.    Soc, 
132:3063  (1985).    T.  D.  Kaun,  "Molten  Salt  Battery 
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Argonne  is  developing  a  battery  with  outstanding 
performance  and  durability. 


Advances,"  Proc.  of  22nd  Intersoc.  Energy  Conv. 
Eng.  Conf.,  Philadelphia,  PA,  Aug.  10-14,  1987,  p. 
1085,  AIAA  (1987). 

Patent  Status:  U.S.  Patent  No.  4,446,212;  other 
patents  pending. 

Potential  Applications/Spinoffs:  Military  applica- 
tions, satellites.  Low-cost  production  capability  could 
open  a  wide  range  of  conventional  uses--for  example, 
electric  vehicles  or  a  hand-held  welder. 

For  More  Information:  Contact  the  Technology 
Transfer  Center,  9700  S.  Cass  Ave.,  Argonne,  IL 
60439  (31 2/FTS  972-7694). 
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Technology  Application 


Sandia  National  Laboratory 


Solar-to-Chemical-Energy 
Tests 


Converter   Passes   Field 


A  device  that  converts  solar  energy  to  chemical 
energy  as  part  of  an  energy  transport  concept  has  been 
successfully  tested  in  Israel  by  Israeli  and  American 
researchers. 

The  device,  a  combination  solar  receiver  and  chemi- 
cal reactor,  was  designed  and  built  by  Sandia  National 
Laboratories.  It  was  tested  in  a  solar  furnace  at  the 
Weizmann  Institute  of  Science  in  Rehovot.  Israel,  as  part 
of  a  United  States/Israel  bilateral  agreement. 

The  pioneering  tests  represent  the  first  time  such  a 
receiver/reactor  has  ever  been  run  using  solar  energy. 

Sandia  announced  in  198fi  the  first  comprehensive 
laboratory  experiments  with  the  concept,  a  thermally 
driven  reaction  between  methane  and  carbon  dioxide  to 
form  hydrogen  and  carbon  monoxide.  In  those  tests, 
electric  heaters  substituted  for  concentrated  solar  heat. 
The  recent  field  tests  in  Israel  not  only  used  highly 
concentrated  solar  energy,  but  were  scaled  up  to  about  10 
times  greater  size  and  power. 

The  tests  are  part  of  an  effort  underway  at  Sandia 
and  sponsored  by  the  U.  S.  Department  of  Energy  (DOE) 
to  determine  the  practical  feasibility  of  thermochemical 
energy  transport. 

Transported  as  room-temperature  gas 

In  this  concept,  thermal  energy  would  be  transported 
over  long  distances  by  sending  it  through  pipes  as  a 
room-temperature  gas  rather  than  a  conventional  hot 
fluid.  The  energy  is  transported  in  chemical  form  at 
normal  temperatures,  then  converted  at  the  destination 
back  into  a  hot  fluid  that  could  be  used  to  heat  industrial 
facilities  or  generate  electricity. 

Such  a  process  is  potentially  more  efficient 
because  it  avoids  the  substantial  heat  losses  along  the 
lengths  of  pipes — even  heavily  insulted  ones — when  a 
high-temperature  fluid  is  the  medium  transported. 

The  use  of  reversible  chemical  reactions  to  transport 
solar  thermal  energy  efficiently  is  a  long-term  objective 
of  both  the  United  States  Solar  Thermal  Program  (of  the 
DOE)  and  the  Israeli  government's  Solar  Energy 
Program. 

The  goal  of  the  US  program  is  the  cost-effective 
transport  of  solar  energy  from  a  distributed  parabolic 
dish  solar  collector  field  to  a  central  site.  Israeli  research- 
ers are  interested  in  the  transport  of  solar  energy — 
collected  by  large  central  receiver  systems — from  their 
deserts  in  the  south  to  industrial  regions  in  the  rest  of  the 
country,  and  for  energy  storage. 

The  Sandia-Israel  solar  receiver/reactor  was  specially 
designed  for  these  cooperative  tests,  and  its  size  was 
tailored  to  the  capacity  of  the  Weizmann  solar  furnace, 
about  20  kilowatts  of  solar  thermal  power. 

Granular  catalyst  is  used 

The  core  of  the  reactor  consists  of  a  series  of  vertical 
tubes  filled  with  granules  of  a  catalyst  through  which  a 
mixture  of  methane  and  carbon  dioxide  flows.  This  arrav 
of  tubes  is  surrounded  bv  an  intermediate  heat  transfer 


medium,  sodium.  All  this  is  enclosed  by  the  receiver/ 
absorber  wall.  The  reactor/receiver  is  encased  in  an 
insulated  box  about  4  It  high  and  !i  It  wide.  An  opening 
allows  concentrated  sunlight  to  enter. 

Solar  heat  —  in  this  case,  heat  concentrated  by  the 
Weizmann  Institute's  Trimeter-diameter  121-til  solar 
furnace  parabolic  mirror  —  is  directed  onto  the  receiver's 
surface.  The  heat  of  the  concentrated  sunlight  causes  t  he 
sodium  inside  to  evaporate.  The  sodium  vapor  condenses 
on  the  reactor  tubes  and  heals  the  methane  and  carbon 
dioxide  inside  the  tubes. 

The  heat  causes  the  methane  to  react  with  the  car- 
bon dioxide  to  form  carbon  monoxide  and  hydrogen 
This  is  an  endothermic  reaction,  meaning  it  absorbs 
heat,  thereby  storing  the  energy.  In  a  full  thermochemi- 
cal energy  transport  system,  the  carbon  monoxide  and 
hydrogen  would  be  piped  to  its  destination  point  and 
then  converted  back  into  methane  and  carbon  dioxide. 
This  would  be  an  exothermic  reaction,  which  releases 
heat. 

After  it  condenses,  the  liquid  sodium  is  returned  to 
the  receiver/absorber  through  a  series  of  channels  and 
redistributed  to  the  receiver's  surface  by  capillary  forces 
in  sheets  of  fine-mesh  screen  that  serve  as  wicks.  This 
unpumped,  gravity-assisted  cyclic  return  of  the  liquid 
sodium  for  reheating  is  called  refluxing. 

The  use  of  the  sodium  helps  to  provide  a  very  even 
distribution  of  heat  over  the  reactor  tubes.  The  operating 
temperature  is  everywhere  about  800°C  (1470°F). 

The  tests  in  Israel  were  very  successful,  report  San- 
dia researchers  .Jim  D.  Fish  and  Richard  B.  Diver.  "The 
sodium  refluxing  operated  very  well,  there  was  efficient 
transport  of  thermal  energy  to  the  reactor  tubes,  and  the 
reactions  went  well,"  says  Fish.  "We  had  good  chemical 
conversion  and  good  agreement  with  computer  models  of 
the  process.  It  was  a  successful  test  and  provides  us  with 
useful  data  to  continue  development  of  this  important 
future  energy  option." 

SANDIA-ISRAEL  REFLUX 
RECEIVER 
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Fish  (catalyst/reactor  design)  is  in  Sandia's  Process 
Research  Division,  and  Diver  (reactor/receiver  design)  is 
in  the  Solar  Distributed  Receiver  Division.  A  team  of 
about  10  Sandians  in  other  parts  of  the  Laboratories  was 
also  involved  in  the  Sandia  side  of  the  project. 
W.  Craig  Ginn,  of  Kirk-Mayer  Inc.,  supported  the  design 
and  assembly  of  the  receiver/reactor.  James  T.  Richard- 
son, a  professor  of  chemical  engineering  at  the  University 
of  Houston,  did  the  computer  simulations  of  the  receiver/ 
reactor  for  Sandia  and  also  participated  in  the  tests  in 
Israel.  The  Israeli  research  team  had  eight  members. 


FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Dept.  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207. 

Refer  to  announcement  23,  No.  1 
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775  Calculating  Turbine-Blade  Loads  —  Rotor/stator  interactions  are  analyzed 
with  the  help  of  approximations. 

776  Adaptive  Control  for  Flexible  Structures  —  Measurement  noise  would  be 
filtered  without  introducing  instability. 

777  Compound  Walls  for  Vacuum  Chambers  —  Large  chambers  would  be 
built  relatively  cheaper 

778  Folding  Truss  Structure  —  A  conceptual  foldable  and  deployable  structure 
would  be  simpler  than  earlier  versions 

779  High-Capacity,  Portable  Firefighting  Pump  —  An  improved  unit  is  evalu- 
ated. 

780  Orienting  Acoustically-Levitated  Aspherical  Objects  —  The  orientation  can 
be  controlled  and  the  asphericity  measured.  (Licensing  Opportunity) 
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microscopy.  (Licensing  Opportunity) 
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optically  (Licensing  Opportunity) 
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equipment  failures  (Licensing  Opportunity) 
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Pothole   Patching 


PROBLEM 

Current  pothole  repair  methods  are  costly  and  ineffective.     Temporary 
patching  that  lasts  only  days  or  even  hours  is  not  a  proper  use  of 
and  can  cost  up  to  five  times  as  much  annually  as  one-time  permanent 
patches. 

SOLUTION 


A  CRREL  research  team  has  evaluated  commercially  available  equip- 
ment that  can  recycle  currently  wasted  hot  mix  asphalt  concrete  thrown 
away  after  summer  maintenance  repairs.     This  equipment  can  reheat 
asphalt  concrete  year  round  and  can  provide  hot  mix  for  potholes  in 
the  late  fall,   winter,  or  spring  during  "pothole  season"  when  hot  mix 
plants  are  closed.     The  equipment  can  also  heat  cold  patch  materials. 

RESULTS 


By  using  this  equipment  and  currently  available  trucks,  compactors,  and 
pavement  breakers,  permanent  one-shot  repairs  are  possible,  thereby 
saving  time,  resources,  and  money. 

The  following  reports  and  videotape  generated  by  this  project  explain 
proper  pothole  repairs  in  detail. 

"Pothole  Primer— A  Public  Administrator's  Guide  to  Understanding 
and  Managing  the  Pothole  Problem,"  CRREL  Special  Report 
81-21,  revised  April  1985 

"The  Engineer's  Pothole  Repair  Guide,"  CRREL  Cold  Regions 
Technical  Digest  84-1 

"Comparison  of  Three  Compactors  Used  in  Pothole  Repair," 
CRREL  Special  Report  84-31 

A  videotape,  "Potholes--Causes,  Cures  and  Prevention,"   1  1 
minutes,   is  also  available 
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They  are  free  and  may  be  obtained  by  writing: 

Publications 

USACRREL 

72  Lyme  Road 

Hanover,  NH  03755-1290 

CONTACT 


Robert  Eaton 

CRREL 

72  Lyme  Rd. 

Hanover,  NH  03755-1290 

(603)  646-4209 
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US  Army  Corps  of  Engineers 

Cold  Regions  Research  &  Engineering  Laboratory 

f       Hanover,  NH  03755 

Roof  Blister  Valve 
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PROBLEM 

Blisters  are  major  problems  in  built-up  roof  membranes.     They  increase 
the  likelihood  of  roof  leaks,  weaken  a  membrane's  resistance  to  splitting, 
accelerate  the  aging  of  a  membrane,  and  contribute  to  the  deterioration 
of  a  roof  by  affecting  drainage  patterns  and  creating  ponds.     In  general, 
blisters  shorten  the  life  of  a  roof.     Current  maintenance  practices  only 
repair  blister  damage  after  a  problem  has  occurred.     Improved  main- 
tenance techniques  are  needed. 

SOLUTION 


Recent  studies  show  that  blisters  are  built  into  a  roof  during  construction 
and  that  they  contract  at  night  and  expand  during  the  day,  which  explains 
why  they  continually  grow  larger.     To  prevent  blisters  from  growing  or 
from  ever  becoming  a  problem,  a  miniature  pressure  relief  valve  was  built 
to  keep  them  for  pressurizing  during  the  heat  of  the  day.     The  valve  has 
a  hollow  shaft  covered  by  an  air-permeable/water-impermeable  membrane 
encased  in  a   li  in.-diam  x  iOin.-high  weather-resistant  housing. 

RESULTS 


In  a  few  minutes,  valves  were  installed  in  several  blisters  on  a  problem 
roof  in  northern  Massachusetts.     (In  comparison,  conventional  patching 
techniques  took  one  hour  per  blister.)     No  internal  pressures  developed 
after  the  valves  were  installed.     In  addition,  the  blisters  collapsed  onto 
the  roof,   making  them  less  likely  to  cause  further  damage.     This 
economical  technique  offers  to  greatly  extend  the  life  of  a  blistered 
membrane.     A  proposal  to  manufacture  and  market  these  valves  has  been 
received  from  a  major   manufacturer  of  roofing  products.     It  is  expected 
that  the  blister  valve  will  become  commercially  available  in   1988. 

CONTACT 


Charles  J.  Korhonen 

US  Army  Corps  of  Engineers 

CRREL 

72  Lyme  Rd. 

Hanover,  NH  03755-1290 

(603)  646-4438 


Cop 


Air  Permeabte 
Water  Impermeable 
Membrane 


Plug 


Ho«ow  Threaded  Shaft 


771 


Technology  Application 
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Fermi  National  Accelerator  Laboratory 


Facility  and  Device  for  Improved  Heat-Leak 
Measurement 


With  cryogenic  technology  becoming  more  institutionalized,  users  are  beginning  to  direct  their 
energies  toward  developing  complementary  systems.  Fermilab  has  been  building  upon  its  strong 
cryogenics  foundation  in  various  ways.  Two  of  these  are  a  heat-leak  measurement  facility  and  a 
relocatable  heatmeter.- 

It  is  generally  recognized  that  heat-leak  measurements  of  low-temperature  cryostat  suspension 
and  insulation  systems  are  important  for  optimum  design.  To  this  end,  a  cryogenic  test  facility 
(CTF)  has  been  developed  at  Fermilab.  The  CTF  has  been  designed  to  be  adaptable  by  the  inclu- 
sion of  a  versatile  functional  end  in  which  test  components  of  differing  geometrical  configurations 
can  be  installed  and  evaluated  at  reasonable  costs  and  equally  reasonable  modification  times. 

The  facility  has  been  in  operation  for  some  time  and  is  busily  measuring  the  thermal  perform- 
ance of  superconducting-magnet  cryostat  and  insulation  systems  (including  those  of  the  prototype 
Superconducting  Super  Collider  cryostats),  at  the  Fermilab  Magnet  Test  and  Development 
Facility. 

A  vital  component  of  the  success  of  the  CTF  is  the  relocatable  heatmeter.  Also  developed  at 
Fermilab,  this  device  is  being  used  for  accurate  and  expeditious  heat-leak  measurements.  Based 
on  thermal  conductivity  measuring  techniques,  the  heatmeter  consists  of  a  thermal-conducting 
body  between  two  thermometers,  with  provision  for  thermal  connections  and  calibration. 

Instead  of  the  more  traditional  methods  for  measuring  heat  leaks  (boil-off,  enthalpy  change), 
the  relocatable  heatmeter  uses  what  amounts  to  a  thermal  conductance  measurement  of  the  tem- 
perature difference  across  the  device,  thereby  determining  the  heat  flowing  through  it.  The  ther- 
mal conductance  is  that  between  two  thermometers  in  the  body  of  the  thermal  link  connecting  the 
part  under  test  to  the  cold  reservoir. 

While  the  technique  has  been  used  for  a  particular  fixed  test,  the  heatmeter  has  been  designed 
to  make  the  method  portable,  due  in  part  to  the  recent  development  of  a  copper-loaded  grease. 
The  relocatable  heatmeter  has  been  successfully  applied  to  a  variety  of  different  test  setups. 

The  advantages  of  this  device  are  higher  sensitivity  (resulting  from  the  use  of  resistance 
thermometers),  better  accuracy  (from  the  direct  comparison  with  electrically  generated  heat,  which 
can  be  accurately  measured),  shorter  waiting  times,  and  a  dependence  only  on  electrical  measuring 
equipment  such  as  constant-current  sources,  a  microvoltmeter,  switches,  electronic  temperature 
controller,  and  a  recorder. 
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For  Additional  Information: 

Office  of  Research  and  Technology  Applications 

Fermi  National  Accelerator  Laboratory 

P.O.  Box  500 

IVIS  208 

Batavia,  IL  60510 

(312)  840-3333 

Refer  to  FAA-314,  FAA-315/TN 
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Portable  Curtains  Control  Smoke 


In  a  joint  effort  with  the 
Naval  Research  Laboratory  at 
the  U.S.  Coast  Guard  Fire  Test 
and  Safety  Detachment,  David 
Taylor  Research  Center  devel- 
oped and  evaluated  four  portable 
smoke  curtain  prototypes.  The 
evaluation  was  performed  on  test 
ship  USS  ALBERT  E.  WATTS, 
Mobile,  Alabama. 

The  evaluation  demonstrated 
the  effectiveness  of  smoke  cur- 
tains to  contain  and  limit  the 
spread  of  smoke  during  and  after 
fires.  Also,  the  smoke  curtains 
curtailed  fire  growth  by  limiting 
the  air  supply.  Finally,  visibility 
improved  rapidly  on  the  "clean 
side"  of  the  curtain. 

Two  designs  proved  most 
effective-the  blanket  design  for 
covering  horizontal  hatches  and 
the   two-panel   design   to   be 


deployed  at  watertight  and  joiner 
doors.  The  design  consists  of  two 
panels-25  inches  by  78  inches 
each-of  fire  resistant  fabric  sewn 
together  at  the  top  with  an  eight- 
inch  overlap.  For  quick 
installation,  the  top  center  of  the 
curtain  is  highlighted  by  a 
luminescent  strip.  Also,  there  is 
a  luminescent  strip  at  the  edge  of 
the  overlapping  panel  on  both 
sides  of  the  curtain  for  quick  and 
easy  access. 
For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
Code  E211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  130103/TN 
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Naval  Civil  Engineering  Laboratory,  Port  Hueneme,  CA  93043 


Prestressed  Concrete  Fender  Piles 

Prestressed  concrete  pile  designs  are  now  available  to  provide  the  Navy 
with  high  energy-absorption  fendering  capabilities  at  lower  life  cycle 
costs.     Figure  1   shows  a  typical  pile  design  along  with  reinforcement 
alternatives. 

Economical  fender  systems  can  be  designed  using  prestressed  concrete 
fender  piles  which  combine  heavy  hoop  reinforcement,  prestressing 
strands,  and  high-quality,  high-strength  concrete  to  provide  greater 
fender  protection  during  berthing  accidents  and  severe  mooring 
applications.     Concrete  piles  absorb  considerably  greater  strain- 
energy  at  collapse  than  either  timber  or  steel  piling. 

Developmental  testing  and  analysis  performed  at  the  Naval  Civil 
Engineering  Laboratory  and  in  the  field  show  that  prestressed  concrete 
piles  are  a  promising  fendering  alternative  for  retrofit  and  new 
construction  where  moderate  to  heavy  ship  load  applications  may  be 
anticipated.     The  possibility  of  concrete  cracking  and  spoiling,  resulting 
in  the  corrosion  of  reinforcing  steel,  can  be  mitigated  by  the  proper 


Delta  rubber  fender  4 


18-in.-sq. 

prestressed 

concrete  pile 


/i  \ 


,-'. 


L. 


18-in.-sq.  pile  - 

20  strands 
square  pattern 


-^    optional  rubstrip 


1-in.  bolt 


ELEVATION 


1 


18-in.-sq.  pile  - 

20  strands 
circular  pattern 


Figure  1 

Typical  Prestressed 

Concrete  Fender  Pile 


774 


selection  of  concrete  and  reinforcement,  and  good  quality  control 
practices  during  fabrication.     The  added  cost  of  epoxy  coated  reinforce- 
ment is  not  warranted. 

Various  designs  may  be  used  to  incorporate  prestressed  concrete  piles 
into  complete  fender  systems.     The  first,  the  more  conventional 
"balanced"  design,  employs  evenly  spaced   18-inch  square  prestressed 
piles,  spaced  8  feet  on-centers,  with  rubber  fender,  wale  and  chock 
supports,  to  be  used  with  various  camel  systems.     The  second  system, 
a  five-pile  cluster  design,  uses  24-inch  square  prestressed  piles  spaced 
3  feet  on-centers,   for  use  with  foam-filled  fenders.     A  third  design, 
using  four  24-inch  square  prestressed  piles  spaced  4  feet  on-centers, 
with  concrete  bearing  panels,  can  also  be  used  with  foam-filled 
fenders.     All  three  concepts  are  cost  effective  approaches  to  providing 
energy-absorbing  fender  systems. 

The  following  are  available  from  NCEL  to  aid  planners  and  designers  in 
selecting  concrete  piles  for  specific  applications: 


( 


0     Pile  design  criteria 

°     Design  aids  for  selecting  pile 

configurations 
0     Detailed  drawings 
°     Specifications 

Prestressed  concrete  designs  currently  exist  for: 

°    Sizes:  14-,   16-,   18-  and  24-inch  square 

piles. 
°     Concrete  strengths:  6,  7,  8,  9,  or   10  ksi. 
°     Prestressing  level:  600  psi. 
°     Number  of  strands:  12,   16,  20  and  28. 


If  it  is  anticipated  that  the  pile  would  be  loaded  closer  than  7  feet 
from  the  top,  the  designer  may  not  want  to  rely  solely  on  the  pile 
to  absorb  the  berthing  energy.     Rubber  fenders  or  some  other  energy- 
absorption  system  may  be  used  in  conjunction  with  the  pile. 


For  Additional  Information: 

To  discuss  this  effort  further,  contact: 

Jerry  Dummer 

Code  L03C 

Facilities  Engineering  Support  Office 

Naval  Civil  Engineering  Laboratory 

Port  Hueneme,  CA  93043 

(805)982-1070 

Refer  to  Techdata  sheet  88-03ATN 
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Calculating  Turbine- 
Blade  Loads 

Rotor/stator  interactions  are 
analyzed  with  the  help  of 
approximations. 


An  analytical  procedure  assists  design- 
ers of  turbomachinery  in  calculating  the 
dynamic  loads  on  blades  and  vanes.  The 
procedure  involves  approximations  that 
simplify  the  calculation  of  the  phase  angles 
and  amplitudes  of  the  pressure  fields 
throughout  the  blade  and  vane  rows  at 
each  disturbance  frequency. 

A  row  of  blades  (all  remarks  apply  equal- 
ly to  vanes)  is  approximated  as  a  planar 
cascade  (see  figure).  The  unsteady  inlet- 
velocity  field  approaching  the  cascade 
must  be  defined:  this  can  be  done  by 
measurements  or  by  a  theoretical  esti- 
mate based  on  a  Navier-Stokes  or  poten- 
tial-flow solution  for  the  flow  field  coming 
from  the  upstream  cascade  (if  any).  The  in- 
let-velocity field  is  then  decomposed  into 
harmonics  of  the  rotational  frequency  and 
into  components  perpendicular  and  paral- 
lel to  the  chord  of  the  blade  for  which  the 
dynamics  are  to  be  analyzed. 

The  next  step  is  to  calculate  the  steady- 
state  lift  of  the  cascade  by  use  of  any  of  a 
number  of  standard  computer  programs 
for  flow  about  a  cascade.  One  then  defines 
an  equivalent  cascade.  Although  the 
blades  of  interest  may  have  a  complicated 
shape,  they  are  replaced  by  thin,  circular- 
arc  blades  in  a  cascade  that  has  the  same 
solidity  and  produces  the  same  steady- 
state  lift  as  those  of  the  cascade  of  interest. 
Using  the  harmonic  inlet-velocity  com- 
ponents, the  dynamic  loads  on  the  circular- 
arc  blades  are  then  found  by  Henderson's 
method  for  computing  the  unsteady  re- 
sponse of  such  a  cascade  to  a  disturbance 
that  originates  upstream.  The  validity  of 
this  approach  depends  on  the  assumption 
that  the  blade/flow  interactions  of  the 
circular-arc  blades  adequately  approxi- 
mate those  of  the  blades  of  interest. 

This  procedure  has  been  tested  by  com- 
paring its  results  to  those  of  a  flat-plate 
analysis  and  of  experiments  conducted  to 
determine  the  dynamic  pressure  as  a  func- 
tion of  chordwise  position  along  a  blade  in 
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A  Planar  Cascade,  consisting  of  an  infinitely  long  row  of  blades,  is  used  to  approximate  a 
row  of  blades  (or  vanes)  on  the  rotor  (or  stator)  of  a  turbomachine.  The  parameters  shown 
here  are  important  in  calculations  of  the  flow  about  the  blades. 
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a  compressor  stator.  Both  analytical 
methods  yielded  adequate  approximations 
for  the  magnitudes  of  the  first  and  second 
harmonics  of  the  pressure,  but  the  new 
procedure  gave  more-accurate  phase  an- 
gles. This  is  important  because  the  phase 
angles  are  critical  in  determining  the 
dynamics  at  the  resonant  frequencies  of 


the  blades;  for  example,  if  the  load  distribu- 
tion acts  out  of  phase  with  the  resonant 
mode  of  the  blade,  it  might  be  exploited  to 
damp  the  resonance;  or  if  the  load  distribu- 
tion acts  in  phase  with  the  blade  vibration,  it 
could  increase  the  vibration  to  an  unac- 
ceptable level. 
This  work  was  done  by  Sen  Yih  Meng, 


Eugene  D.  Jackson  III,  and  Raymond  B. 
Furst  of  Rockwell  International  Corp.  for 
Marshall  Space  Right  Center. 

MFS-29165  fTN 
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Adaptive  Control  for  Flexible  Structures 

Measurement  noise  would  be  filtered  without 
introducing  instability. 

A  paper  discusses  ways  to  cope  with  measurement  noise 
in  an  adaptive  control  system  for  a  large,  flexible  structure  in 
outer  space.  The  system  would  generate  control  signals  for  the 
torque  and  thrust  actuators  to  turn  all  or  parts  of  the  structure 
to  desired  orientations  while  suppressing  torsional  and  other 
vibrations  that  would  arise  from  controlled  and  uncontrolled  mo- 
tions. The  main  result  of  the  paper  is  a  general  theory  for  the 
introduction  of  filters  to  suppress  measurement  noise  while 
preserving  stability. 

A  typical  adaptive  control  law  for  a  flexible  structure  includes 
proportional  and  integral  components  of  the  control  gain.  The 
integral  control  law  acts  to  integrate,  over  time,  a  quantity  pro- 
portional to  the  square  of  the  measurement  noise.  Because  this 
quantity  is  zero  or  positive,  the  integration  inevitably  creates  an 
undesired  drift  in  the  integral  component  of  the  gain.  In  addition, 
the  direct  feedback  of  the  measurement  noise  degrades  the 
adaptive  performance. 

Earlier  research  showed  that  leakage  terms  can  be  append- 
ed to  the  adaptive  control  law  to  eliminate  drifts  in  the  adaptive 
gain,  but  the  control  demand  remains  unrealistically  high.  Filters 
can  be  introduced  at  critical  positions  in  the  adaptive  configura- 
tion to  reduce  the  control  demand,  but  the  arbitrary  choice  and 
placement  of  filters  can  give  rise  to  instabilities  via  the  filter  lags. 

To  overcome  the  inadequacies  of  the  previous  approaches, 
the  authors  present  a  new  algorithm  and  the  new  concept  of 


branch  filtering.  The  most  natural  solution  is  to  insert  a 
measurement-noise  filter  in  the  output — directly  after  the  point 
in  the  signal-flow  path  at  which  the  noise  is  generated— and  to 
use  the  filtered  measurement-error  signal  as  a  component  of 
feedback.  In  practice,  the  requirement  of  global  stability  of  the 
adaptive  algorithm  is  very  difficult  to  satisfy  because  the  phase 
lag  of  the  output  filter  adds  to  that  of  the  controlled  structure. 
However,  both  the  phase  lag  and  the  noise-squaring  bias  are 
avoided  by  filtering  only  a  single  branch  of  the  output  error  that 
feeds  into  the  adaptive  control  law.  This  approach  is  called 
"branch  filtering." 

Versions  of  an  adaptive  control  algorithm  were  tested  by 
numerical  simulation  of  its  effects  on  a  four-panel  planar  space 
station.  The  system  was  represented  by  a  simplified 
mathematical  model  of  19  degrees  of  freedom.  Also  for 
simplicity,  the  actuators  and  sensors  were  treated  as  co-located 
pairs,  and  the  sensor  bandwidths  and  actuator  dynamics  were 
not  considered.  The  algorithm  performed  better  when 
augmented  with  branch  filtering  than  it  did  when  augmented 
with  prior  techniques  for  coping  with  noise  and  instability. 

This  work  was  done  by  David  S.  Bayard,  Che-Hang  Charles 
Ih,  and  Shyh  Jong  Wang  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.  "Adaptive  Control  for  Flexible  Space 
Structures  With  Measurement  Noise,"  NPO-1 71 1 5  /TN 
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Compound  Walls  for  Vacuum  Chambers 

Large  chambers  would  be  built  relatively  cheaply. 
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The  Compound  Wall  would  be  made  of  a  strong  outer  layer  of  structural-steel  culvert  pipe  welded  to  a  thin  layer  of  high-quality,  low-outgass- 
ing  stainless  steel. 


A  proposed  compound-wall  configura- 
tion would  enable  the  construction  of  large 
high-vacuum  chambers  without  having  to 
use  thick  layers  of  expensive  material  to 
obtain  the  necessary  strength.  Such  walls 
could  enclose  chambers  more  than  1  m  in 
diameter  and  several  kilometers  long;  for 
example,  the  vacuum  pipes  of  particle  ac- 
celerators for  research  in  high-energy 
physics. 

The  structural  strength  to  resist  crush- 
ing by  the  atmospheric  pressure  of  14.7  psi 
(101  kPa)  would  be  provided  by  an  outer 
wall  of  spiral  corrugated  steel  pipe  ordinari- 
ly used  to  make  culverts.  The  inner  wall  of 
the  vacuum  chamber  would  be  made  of  a 
300-series  stainless  steel,  which  is  welda- 
ble,  nonmagnetic,  and  relatively  free  of  gas- 
sequestering  imperfections  (see  figure). 
The  inner  and  outer  walls  would  be  welded 
together.  Sections  of  the  double-wall  pipe 
would  be  welded  together  at  their  ends; 


corrugated  heavy  single-wall  stainless- 
steel  segments  could  be  used  to  accom- 
modate thermal  expansion  during  bakeout 
or  to  absorb  vibrations  from  pumps. 

The  space  between  the  two  walls  would 
be  pumped  to  a  relatively  low  vacuum  of 
about  10 ~2  torr  (~1  Pa),  while  the  inner 
chamber  would  be  pumped  to  a  typical 
high  vacuum  of  10  ~8  torr  (~1  ^Pa).  Be- 
cause the  inner  wall  would  have  to  sustain 
only  a  minuscule  differential  pressure,  it 
could  be  made  quite  thin.  The  differential 
pumping  of  the  corrugations  would  also 
serve  as  insurance  against  leaks  in  the  in- 
ner wall:  The  flow  through  a  small  hole  be- 
tween the  low  vacuum  and  the  high  vacu- 
um would  be  much  less  than  the  flow 
through  the  same  hole  from  the  atmos- 
phere to  the  high  vacuum. 

If  properly  terminated  at  its  ends,  each 
section  of  pipe  could  be  tested  for  leaks 
without  having  to  evacuate  the  inner  vol- 


ume. Instead,  the  space  between  the  outer 
walls  could  be  evacuated  through  a  helium 
leak  detector  while  the  helium  is  applied  at 
various  points  on  the  inner  surface. 

The  wall  could  be  baked  out  by  electrical 
resistance  heating  while  both  sections  are 
evacuated  as  in  normal  operation.  Astrong 
electrical  current  would  flow  along  the 
pipe,  dividing  between  the  inner  and  outer 
walls  according  to  the  dimensions,  thick- 
nesses, and  electrical  resistivities  of  the 
two  walls.  Because  the  outer  wall  would  be 
cooled  by  air  and  the  inner  wall  would  be  in- 
sulated by  the  vacuum,  the  inner  wall 
would  tend  to  run  hotter,  other  things  being 
equal. 

This  work  was  done  by  Robert  E.  Frazer 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17039/TN 
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Folding  Truss  Structure 

A  conceptual  foldable  and  deployable  structure  would  be  simpler  than  earlier  versions. 


A  concept  for  a  foldable  and  deployable 
truss  offers  the  advantages  of  strength,  ri- 
gidity, and  mechanical  simplicity.  Intended 
for  the  transportation  of  structures  for  as- 
sembly in  outer  space,  the  concept  can 
readily  be  adapted  to  terrestrial  transport- 
able structures  —  scaffolds,  cranes,  and 
rows  of  cubicles,  for  example. 

The  conceptual  structure  consists  of  a 
series  of  boxlike  bays  with  9-ft  (2.7-m) 
sides.  Each  box  has  panels  on  its  top  and 
bottom  and  two  sides.  Its  two  remaining 
sides  are  open.  The  panels  are  hinged  at 
their  connecting  edges. 

Depending  on  the  available  cargo  space, 
from  one  to  five  bays  can  be  deployed  si- 
multaneously. For  deployment,  the  box  is 
unfolded,  and  diagonal  members  are  in- 


serted on  the  panelless  sides.  A  long  truss 
can  be  made  by  putting  tops  and  bottoms 
of  a  series  of  boxes  together. 

For  storage  or  transportation,  a  de- 
ployed box  is  refolded.  If  the  truss  consists 
of  10  boxes,  for  example,  5  folded  boxes 
are  folded  together  to  the  left,  and  the  re- 
maining 5  are  folded  together  to  the  right, 
to  form  a  compact  module. 

The  members  of  the  truss  could  be 
made  of  composite  materials  for  light 
weight.  With  minor  modifications  of  the 
hinges,  the  direction  of  deployment  can  be 
changed  to  any  one  of  four  at  each  inter- 
connection between  bays.  The  design  of 
utility-distribution  lines  is  simplified  be- 
cause, in  comparison  with  the  previous 
version  of  the  deployable  structure,  the 


new  conceptual  version  features  longer 
rigid  sections  with  fewer  connections  be- 
tween them.  Other  advantanges  relative  to 
the  previous  version  include  the  following: 

•  Only  two,  instead  of  eight,  hinged  or  tele- 
scoping struts  per  bay; 

•  Only  36,  instead  of  48,  bond  joints  per 
bay; 

•  Less  complex  fabrication; 

•  Lighter  weight; 

•  Higher  reliability; 

•  Lower  cost;  and 

•  More  units  in  the  same  cargo  space. 

This  work  was  done  by  Aubrey  D. 
Warren  of  Rockwell  International  Corp.  for 
Johnson  Space  Center.  No  further  docu- 
mentation is  available. 
MSC-21255  /TN 
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High-Capacity,  Portable 
Firefighting  Pump 

An  improved  unit  is 
evaluated. 

A  report  describes  an  evaluation  of  a 
firefighting  module  that  can  deliver  water 
at  5,000  gal/min  (320  Us).  The  module  is  a 
compact,  self-contained,  portable  water 
pump.  Designed  for  fighting  fires  in  and 
around  seaports,  it  can  be  carried  by 
helicopter  to  fight  fires  in  remote  places. 
Besides  firefighting,  the  module  can  be 
used  for  flood  control  and  for  pumping 
water  into  large  vessels,  especially  those 
brought  into  port  on  short  notice.  It  can 
also  pump  water  from  sinking  ships. 

The  evaluation  was  conducted  to  verify 
the  performance  of  the  module  and  to  de- 
termine whether  the  module  could  safely 
be  returned  to  service  after  major  improve- 
ments. The  modifications  included  the  in- 
stallation of  a  larger  pump,  a  larger  gas- 
turbine  engine,  a  new  electronic  control 
system,  and  an  electrically-driven  lubricat- 
ing-oil  pump  for  the  main  water  pump. 

The  tests  included  measurements  of  the 
loads  in  the  tiedown  lines  and  of  vibrations 
of  the  pump  and  engine  during  operation. 
Other  measurements  were  made  to  es- 
tablish graphs  of  flow  versus  head  at  the 
back  pressures  created  by  nozzles  of  vari- 
ous sizes  from  2  to  4  in.  (5  to  10  cm)  and  at 
various  pump  speeds  from  45  to  100  per- 
cent of  the  maximum  available. 


The  evaluation  showed  that  the  module 
can  be  returned  to  service.  The  module 
satisfied  two  of  three  flow  specifications:  it 
pumped  water  at  5,000  gal/min  (320  Us)  at 
a  total  pump  pressure  rise  of  150  lb/in.2 
(1.0  MPa)  and  pumped  3,000  gal/min  (190 
Us)  at  200  lb/in.2  (1.4  MPa).  It  could  not, 
however,  pump  2,500  gal/min  (160  Us)  at 
250  lb/in  2(1.7  MPa)  because  of  inadequate 
engine  power. 

At  first,  the  time  required  to  prime  the 
pump  was  found  to  be  excessive:  priming 
took  295  seconds  for  a  lift  of  only  12  ft 
(3.7  m),  whereas  a  maximum  of  120  sec- 
onds at  20  ft  (6.1  m)  is  specified.  To  correct 
this  deficiency,  the  area  of  the  flow  pass- 
age in  the  prime  suction  line  was  in- 
creased. As  a  result,  the  main  pump  can 
now  be  primed  within  2  minutes. 

The  tiedown  loads  during  normal  opera- 
tion were  well  within  allowable  limits.  In  a 
simulation  of  sudden  failure  of  a  discharge 
hose  or  coupling,  however,  loads  and  vibra- 
tion increased  tiedown  loads  sharply.  Be- 
cause such  sudden  increases  could  be 
hazardous  (possibly  overturning  the  mod- 
ule), discharge  hoses  should  therefore  be 
pressure-tested  frequently. 

This  work  was  done  by  Ralph  A.  Burns  of 
Marshall  Space  Flight  Center.  Further 


information  may  be  found  in  NASA  TM- 
86560  [N87-16919/NSP],  "5000  GPM  Fire- 
fighting Module  Evaluation  Test." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650 
Rush  orders  may  be  placed  for  an  extra 
fee  by  calling  (800)  336-4  700. 
MFS-27177/TN 
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Orienting  Acoustically-Levitated  Aspherical  Objects 

The  orientation  can  be  controlled  and  the  asphericity  measured. 


By  suitable  adjustments  of  the  ampli- 
tudes and  phases  of  the  three  acoustic 
fields  in  a  three-axis  acoustic  levitator,  the 
orientation  of  an  aspherical  levitated  ob- 
ject can  be  controlled,  and  the  degree  of  its 
asphericity  can  be  measured.  The  orienta- 
tion-and-measurement  technique  can  be 
used  to  manipulate  workpieces  during 
containerless  processing  or  to  measure 
the  approach  to  desired  asphericity  in 
small  objects  like  targets  for  laser-fusion 
experiments. 

There  are  several  versions  of  the  tech- 
nique. In  all  of  them,  the  workpiece  is  levi- 
tated at  the  center  of  a  generally  rectangu- 
lar chamber  having  an  acoustic  driver  on 
each  axis  (see  Figure  1).  The  chamber  can 
have  unequal  axes  (each  acoustic  driver  at 
a  different  frequency),  two  equal  axes  (two 
drivers  at  the  same  frequency),  or  all  axes 
equal  (all  drivers  at  the  same  frequency). 

In  the  first  version,  the  axes  are  unequal. 
The  axis  of  asphericity  of  the  workpiece 
(for  example,  the  axis  of  symmetry  in  the 
case  of  a  disk)  lines  up  with  the  strongest  of 
the  three  acoustic  fields.  Thus,  the  work- 
piece  can  be  aligned  along  the  x,  y,  or  z  axis 
by  supplying  the  most  power  to  the  driver 
on  the  desired  axis. 

In  the  second  version,  the  x  and  y  axes 
are  equal,  and  their  acoustic  drivers  are 
locked  in  phase.  The  axis  of  asphericity 
lines  up  with  the  stronger  of  the  z  or  the  net 
x-y  acoustic  fields.  If  the  net  x-y  acoustic 
field  is  stronger,  then  the  orientation  in  the 
x-y  plane  is  along  the  vector  sum  of  the  x 


and  y  acoustic-field  flow  velocities,  the  axis 
of  which  can  be  varied  by  varying  the  rela- 
tive strengths  of  the  x  and  y  fields. 

In  the  third  version,  the  chamber  is  cubi- 
cal; all  three  drivers  are  operated  at  the 
same  frequency  and  phase.  The  axis  of 
asphericity  of  the  workpiece  can  be  orient- 
ed along  any  direction  by  choosing  the  rel- 
ative powers  of  the  drivers  to  obtain  the 
vector-sum  acoustic-flow  velocity  in  the 
desired  direction. 

Like  the  second  version,  the  fourth  ver- 
sion calls  for  equal  x  and  y  axes.  In  this 
case,  the  net  x-y  field  is  made  stronger  than 
the  z  field,  and  the  x  and  y  fields  are  driven 
at  equal  amplitudes  but  at  a  phase  differ- 
ence selected  to  give  a  desired  amount  of 
torque  about  the  z  axis;  that  is,  to  rotate  the 
axis  of  asphericity  in  the  x-y  plane  about  the 
z  axis.  The  z-axis  torque  is  counteracted 
by  the  torque  that  aligns  the  axis  of  aspher- 
icity with  the  net  x-y  acoustic-flow  field.  Be- 
cause the  maximum  alignment  torque  oc- 
curs at  orientations  of  ±45°  with  respect 
to  the  net  x-y  acoustic  flow,  the  x-y  phase 
difference  can  be  used  to  turn  the  sample 
to  a  new  orientation  within  ±45°  about  the 
zaxis. 

The  critical  x-y  phase  difference  $c  that 
produces  the  ±45°  reorientation  depends 
on  the  degree  of  asphericity  and  can  be 
used  as  a  measure  of  the  asphericity.  At 
greater  phase  differences,  the  workpiece 
rotates.  At  lesser  phase  differences,  the 
reorientation  angle  is  less;  one  can  meas- 
ure the  reorientation  angle  as  a  function  of 


Chamber 


-y 
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Object 
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Axis  of 
Asphericity 
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Figure  1.  A  Three-Axis  Acoustic  Levitator 

controls  the  rotation  or  orientation  of  a  levi- 
tated aspherical  object  with  respect  to  the 
three  principal  axes. 
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the  phase  difference  to  determine  the  de- 
gree of  asphericity  (see  Figure  2). 

Like  the  third  version,  the  fifth  involves  a 
cubical  chamber.  In  this  case,  however, 
many  different  combinations  of  phases 
and/or  amplitudes  can  be  selected  to  ori- 
ent the  axis  of  asphericity  along  various  di- 
rections. 

This  work  was  done  by  Martin  B. 
Barmatz  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  NASA  Resi- 
dent Office-JPL  Refer  to  NPO-16846/TN 
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Figure  2.  The  Angle  of  Reorientation  of  a  levitated  aspherical  object  was  measured  at  vari- 
ous phase  differences  between  two  acoustic  fields  of  equal  amplitude  and  frequency.  The 
solid  line  among  the  data  points  represents  a  simple  theory  of  balance  between  rotating  and 
aligning  acoustical  torques. 
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Technology  Application 


Portable  Diffraction  Moire  Interferometer 


An  invention  is  a  compact  and  portable  system  designed  to  measure 
deformations  in  test  materials.     The  technique  used  is  diffraction 
moire.     The  system  uses  optical   fibers  and  interchangeable  lenses 
instead  of  the  mirrors  and  beamsplitters  that  have  been  used  in  the 
past.     The  mirrors  and  beamsplitters  were  clumsy  and  complex,   fre- 
quently requiring  complicated  and  time  consuming  setup  and  align- 
ment procedures  that  made  it  infeasible  to  move  them.     The  new 
system  is  simpler  to  set  up,  align  and  use,  and  it  is  portable.     It  is 
useful  to  measure  the  distortion  or  deformation  along  a  plane  in 
some  materials  under  loading  conditions.     The  invention  developed 
here  uses  the  technique  of  diffraction  moire  to  measure  this 
displacement. 

In  general,  a  diffraction  grating  ranging  in  size  from   100  lines/mm  to 
more  than   1000  lines/mm  is  replicated  to  the  surface  of  the  test 
materials  (resolution  is  inversely  proportional  to  the  grating  spatial 
frequency).     Arranging  a  pair  of  well  collimated  laser  beams  at  certain 
angles  to  each  other  and  the  test  materials  will  allow  the  grating  to 
redirect  part  of  each  beam  into  a  diffraction  order  exiting  normal  to 
the  specimen  surface.     The  two  beams  interfere  to  create  light  and 
dark  fringes  that  represent  the  condition  of  the  grating  at  that  moment. 
As  the  specimen  distorts,  the  grating  deforms,  and  the  diffracted 
beam  wavefronts  become  warped  in  a  manner  than  can  be  related 
directly  to  local  distortions  on  the  specimen.     The  interference 
fringes  generated  by  the  mixing  of  the  two  diffracted  beams  become 
more  complex,  and  local  displacements  can  be  calculated  from  the 
fringe  distribution.     Using  an  aluminized  grating  reduces  the  amount 
of  speckle  and  produces  very  clean  and  easily  interpreted  fringes. 
The  problem  of  complex  interactions  between  in-plane  and  out-of- 
plane  displacements  is  eliminated  because  the  fringes  represent 
essentially  pure  in-plane  displacement. 

The  standard  method  used  in  the  past  to  perform  these  measurements 
required  complex  and  very  clumsy  optical  setups  to  generate  the 
intersecting  laser  beams.     That  system  demanded  a  complex  arrange- 
ment of  lasers,  spatial  filter(s),  beamsplitters,   mirrors,  path  matching 
arrangements  and  stable  supports  for  the  components.     The  critical 
beam  intersection  angle  must  be  exact,  and  any  change  in  the  specimen 
grating  required  that  the  entire  setup  process  be  repeated.     The  pro- 
cedure often  required  several  hours  for  a  very  experienced  operation 
and  was  formidable  indeed  for  the  inexperienced. 
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The  Portable  Moire  system  takes  advantage  of  recent  advances  in 
polarization  maintaining,  single  mode  optical  fibers.     The  laser  beam 
is  injected  into  such  a  fiber  acting  as  the  input  leg  of  a  polarization 
maintaining  3  db  evanescent  wave  coupler.     This  replaces  the  beam-  I 

splitter  used  in  the  traditional  system.     Two  output  fibers  leave  the 
wave  coupler  and  the  output  from  them  illuminate  lenses  that  collimate 
the  light  and  direct  it  at  the  specimen  grating.     The  alignment  process 
is  very  simple.     Path  length  matching  is  automatically  maintained. 
Since  fiber  length  does  not  change  as  the  fiber  moves,  it  acts  as  its 
own  spatial  filter.     The  mechanical  design  rigidly  maintains  the  align- 
ment between  the  expanding  beam  and  the  collimating  lens.     Setup  and 
alignment  time  averages  about  20  minutes  for  the  system.     Similar  time 
is  all  that  is  required  if  the  system  or  grating  is  changed  during 
operation.     The  system  provides  a  considerable  reduction  in  training 
needed  and  in  the  time  for  set  up  or  adjustments. 


FOR  ADDITIONAL  INFORMATION:     Dr.  Jane  Welch,  ORTA,  Idaho 
National  Engineering  Laboratory,  P.O.  Box  1625,  Idaho  Falls,  ID  83415; 
(208)  526-0445.    Refer  to  DOE/INEL-036. 


Technology  Application 


Sandia  National  Laboratory 

Robotic  System  Surveys  Nuclear  Waste  Shipping 
Casks 


A  rohotic  system  that  can  check  nuclear  waste  ship- 
ping casks  lor  damage  and  exterior  radiation  contamina- 
tion has  heen  built  and  demonstrated  at  Sandia  National 
Laboratories.  The  system  was  developed  by  engineers 
who  are  exploring  new  design  concepts  and  technologies 
for  such  casks. 

This  work  anticipates  the  day  when  shipping  (asks 
will  be  used  to  transport  high-level  radioactive  wastes 
from  nuclear  power  plants  and  facilities  that  process 
nuclear  materials  for  the  military.  The  casks  will  be 
moved  via  truck  or  railcar  to  underground  repositories  at 
sites  to  be  determined.  A  site  in  Nevada  is  being  studied 
now  by  the  Department  of  Knergy  (DOE)  as  one  possible 
location. 

Considerable  research,  testing,  and  design  have  been 
done  at  Sandia's  Transportation  Systems  Development 
Department  and  elsewhere  to  ensure  that  shipping  casks 
can  be  transported  safely.  The  goal  is  casks  that  can 
shield  radiation  and  be  strong  and  secure  enough  to 
withstand  severe  accidents — high-speed  crashes  and 
fires.  Casks  will  necessarily  be  large  and  heavy;  metal 
truck  casks  may  weigh  about  2o  tons,  and  railcar  casks 
could  weigh  about  100  tons. 

Advanced  robots  may  handle  casks 

Safe  handling  of  the  casks  after  arrival  at  the  reposi- 
tory is  important  also.  A  long-range  goal  is  to  develop 
robotic  techniques  and  systems  to  reduce— maybe  even 
do  away  with — the  need  for  workers  to  approach  ship- 


The  robotic  arm  ol  the  Remote  Radiation  Survey  and  Analysis 
System  (RRSAS)  is  checked  by  Siegtried  Thunborg.  RRSAS 
proiect  leader  The  system  is  tested  here  using  a  half-scale 
model  ol  a  shipping  cask,  the  large  while  object  at  right 


ping  casks  alter  nuclear  waste  is  inserted,  thereby 
improving  repository  efficiency.  This  may  require  robots 
that  maneuver  casks,  remove  the  waste,  and  repackage 
waste  in  smaller  burial  casks,  while  the  entire  operation 
is  monitored  from  a  remote  control  room. 

Staff  in  Sandia's  Intelligent  Machine  Systems  Divi- 
sion began  2  years  ago  to  develop  robotic  systems  to 
survey  nuclear  waste  casks.  Called  the  Remote  Radiation 
Survey  and  Analysis  System  (RRSAS)  project,  the  first 
objective  was  to  determine  cask  design  features  to  allow 
automated,  autonomous  radiation  survey  and  analysis  of 
truck-type  shipping  casks.  Starting  with  commercial 
robotic  and  computer  equipment,  a  Sandia  team  deter- 
mined the  additional  technology  development  that  was 
needed  to  perform  necessary  tasks.  The  team  then  built 
and  demonstrated  a  system  that  surveys  a  truck 
cask  model  measuring  42  in.  in  diameter  by  90  in.  long 
(roughly  half  scale). 

The  system  achieves  its  unique  capabilities  through 
the  integration  of  robotics  research  advances  made  at 
Sandia  over  the  past  fi  to  7  years.  These  advances  are  in 
the  areas  of  sensor-based  control  (especially  force  con- 
troll,  computer-based  reasoning,  and  system  control. 

The  complexity  of  the  system  required  research  into 
a  distributed  control  system  with  many  specialized  com- 
puters working  together  (much  as  a  team  of  human 
experts  work  together)  to  accomplish  complex  tasks.  The 
control  system  uses  sensors  and  computer-based  reason- 
ing to  allow  the  robot  to  perform  tasks  commercial  robots 
cannot.  For  example,  the  RRSAS  can  plan  robot  move- 
ments without  operator  input  so  that  it  avoids  obstacles 
as  it  moves  to  accomplish  tasks. 

RRSAS  has  three  main  parts— a  machine  vision 
system  that  precisely  locates  the  shipping  casks;  a  six- 
degree-of-freedom  gantry  robot  with  force  sensing  that 
does  the  multi-part  survey;  and  computers  that  manage 
data,  plan  test  programs,  and  direct  the  robot 

System  operates  autonomously 

The  gantry  frame  that  supports  and  maneuvers  the 
robot  operates  directly  overhead.  The  system  operates 
autonomously  alter  an  operator  in  a  remote  control  room 
commands  it  to  begin.  After  that,  the  operator  does  not 
intervene  unless  the  system  malfunctions  and  stops. 

Kirst,  the  robot  locates  the  cask  with  its  vision  sys- 
tem, then  picks  up  a  bar  code  reader  (like  those  used  at 
retail  checkout  counters)  and,  using  information  stored 
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in  computer  memory,  identifies  the  cask,  its  contents, 
and  its  history.  Next,  the  computer  tailors  a  test  plan 
based  on  that  information. 

The  robot  then  picks  up  a  Geiger  counter  and  scans 
the  cask  for  beta  and  gamma  radiation  while  also  scan- 
ning it  for  mechanical  damage  with  a  small  television 
camera.  These  instruments  are  monitored  in  the  remote 
control  room. 

Finally,  the  robot  does  a  series  of  radioactive  con- 
tamination measurements  on  the  cask  surface  at  ran- 
domly selected  spots.  The  robot  picks  up  a  small  piece  of 
absorbent  material,  automatically  goes  to  one  of  the 
spots,  swipes  the  spot,  and  places  the  used  material  in  a 
storage  magazine.  After  40  swipes  are  done,  the  robot 
loads  the  magazine  into  an  automated  detector  where 
radioactive  contamination  would  be  measured,  if 
present. 

If  the  system  were  operating  under  real  conditions, 
all  tasks  would  be  done  inside  a  special  truck  bay  soon 
after  the  truck  delivers  the  cask.  The  cask  would  remain 
on  the  truck  bed  while  the  survey  takes  place.  Normally, 
the  RRSAS  should  find  no  mechanical  damage  or  radio- 
active contamination,  and  the  computer  would  clear  the 
cask  for  unloading  and  further  processing. 

Does  'everything  we  hoped' 

Siegfried  Thunborg,  RRSAS  project  leader,  says  the 
research  has  already  proved  that  robotic  systems  will  be 
useful  for  such  tasks.  "Our  computerized  robotic  system 
would  have  to  be  scaled  up  considerably  for  actual  ship- 
ping casks,  but  it  does  everything  we  hoped  it  would 
when  we  began  the  design  work."  he  says. 


Thunborg  believes  it  is  the  first  large  robotic  system 
in  which  engineers  have  been  able  to  use  force  sensors  to 
control  robot  behavior  in  real  (immediate)  time.  During 
the  swipe  test,  the  computer  directs  the  robot  until  the 
swipe  comes  within  an  inch  of  the  cask,  then  the  force 
sensors  take  over  until  the  swiping  action  is  completed. 
The  biggest  challenge  was  perfecting  the  system  to  allow 
the  5.000-lb  robot  to  swipe  the  cask  with  a  uniform  4  lb  of 
pressure  (plus  or  minus  1  lb). 

Raymond  Harrigan,  supervisor  of  Sandia's  Intelli- 
gent Machine  Systems  Division,  says  the  researchers  are 
now  looking  at  other  repository  activities  that  may  be 
done  robotically.  He  thinks  well-designed  robotic  sys- 
tems can  significantly  increase  the  speeds  at  which  large 
objects  can  be  handled  remotely  in  a  controlled,  safe 
manner — in  a  repository  and  anywhere  else  that  large 
objects  must  be  maneuvered. 

The  team  studying  robotic  cask  handling  includes 
project  members  Ben  J.  Petterson,  James  F.  Jones, 
David  J.  Miller,  Alan  K.  Morimoto,  Larry  P.  Ray,  Colin 
B.  Selleck,  and  William  M.  Davidson.  Thomas  Sanders 
has  served  as  technical  advisor  for  this  work,  which  was 
performed  under  the  sponsorship  of  Sandia's  Transpor- 
tation Systems  Development  Department.  Funding  is 
provided  from  both  DOE's  Office  of  Civilian  Radioactive 
Waste  Management  and  the  Transportation  Manage- 
ment Division  for  Defense  Programs. 

FOR  ADDITIONAL  INFORMATION 

Public  Information  Division, 

Code  3161, 

Dept.  of  Energy, 

Sandia  National  Laboratories, 

Albuquerque,  NM  87185-5800 

(505)  844-4207. 
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Technology  Application 


Solids  Aerosol  Generator 


A  stream  of  airborne,  dry  solid  particles  is  required  for  calibrating 
several  monitoring  systems  and  production  systems,  e.g.,  welding  arc 
plasma  systems,  the  Morgantown  fiber  optic  alkali  monitor,  and, 
possibly,  in  the  production  of  semiconductors.     These  streams,  or 
aerosols,   must  be  produced  in  relatively  high  volume,  with  high  flow 
rates.     They  should  have  consistent  particle  size  and  should  be  produced 
with  high  efficiency  rates  if  they  are  to  be  economical  and  reliable. 
All  previous  generators  have  efficiencies  of  3%  or  less. 

The  Solids  Aerosol  Generator  produces  the  solids  aerosol  stream  by 
directing  a  flow  of  preheated  gas,  e.g.,  air,  nitrogen,  etc.,  over  a 
small  stream  of  liquid  feed  solution  of  the  desired  chemical  compo- 
sition.    Through  use  of  an  air  nebulizer,   the  streams  are  converted 
to  a  wet  aerosol.     The  wet  aerosol  is  injected  into  a  conical  heating 
chamber  where  it  is  quickly  dried  into  a  stream  of  airborne  solid 
particles.     The  concentration  and  composition  of  the  dry  stream  of 
solid  particles  depends  on  the  feed  solution  and  can  be  varied  from 
ionic  to  polar  to  non-polar  as  needed.     The  system  has  a  very  high 
flow  rate  (10   1/min)  and  is  highly  efficient  (90-100%),  thus  making 
the  Solids  Aerosol  Generator  unique  in  its  field. 

The  generator  is  an  excellent  instrument  for  producing  relatively  high 
volumes  of  dry  solid  aerosols.     All  former  aerosol  generators  produce 
aerosols  at  extremely  low  efficiencies  of  3%  and  less.     The  high  flow 
rates  (10   1/min)  and  high  efficiencies,  90  to  100%,   make  this  product 
unique.     Its  real-world  performance  has  been  proven  during  testing 
with  the  Morgantown  Fiber  Optics  Alkali  Monitoring  System  testing 
in  Grimethorp,  England. 

FOR  ADDITIONAL  INFORMATION:     Dr.  Jane  Welch,  ORTA,  Idaho 
National  Engineering  Laboratory,  P.O.  Box   1625,  Idaho  Falls,  ID 
83415;  (208)  526-0445.     Refer  to  DOE/INEL-035. 
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Chip-Size  Thermometer  is  Available 


A  sensitive,  wide-range 
thermometer  based  on  semi- 
conductor technology  is  now  on 
the  market.  This  chip-sized 
thermometer  will  be  useful  any- 
where a  robust,  reliable  tempera- 
ture sensor  is  needed  for  meas- 
urement or  control  around  or 
below  room  temperature.  A  rho- 
dium-iron thin  film  on  a  sapphire 
substrate  generates  a  healthy 
0.135- volt  signal  at  room  temp- 
erature with  only  a  0.3 
milliampere  measuring  current 
and  a  nearly  linear  resistance 
from  0.3  to  430  kelvin  (K)  (about 
250°  Farenheit).  The  thermo- 
meters are  available  both  as  the 
basic  chip  or  encapsulated  in  an 
aluminum  holder  with  leads. 

Based  on  thin  film  technology 
developed  at  the  University  of 
Cambridge,  the  T450  rhodium- 
iron  temperature  sensor  (T450)  is 
a  resistance  sensor  suitable  for 
the  entire  cryogenic  temperature 
range  and  above.    In  contrast  to 


the  restricted  temperature 
ranges  of  carbon,  platinum,  and 
the  semiconductor  sensors,  the 
T450  is  sensitive  throughout  the 
entire  temperature  range  of  0.3 
to  430  K.  It  is  an  ideal  general- 
purpose  thermometer  for  mon- 
itoring and  controlling  temp- 
eratures in  cryogenic  or  near- 
room-temperature  systems.  It 
would  be  especially  suitable 
where  a  small,  rugged  sensor  is 
needed  and  simple  electronics  are 
desirable.  As  a  bare  chip,  it  could 
also  be  mounted  integrally  with 
other  electronic   components. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available 
from: 

Navy  Domestic  Technology  Fact  Sheet 

Reader  Reply  Service 
Code  E211 

Naval  Surface  Weapons  Center 
Dahlgren,  VA  22448-5000 
(703)  663-8921 

Refer  to  130304/TN 
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Computer-Aided  Goniophotometer 

Repetitive  measurements  are  made  more  rapidly,  with  greater  accuracy. 


A  computer-compatible  scanning  go- 
niophotometer enables  the  semiautomatic 
measurement  of  the  angular  uniformity  of 
an  integrating  hemisphere  or  other  large- 
aperture  light  source.  The  scanning  me- 
chanism eliminates  the  need  to  locate  the 
photometer  manually  at  each  different 
viewing  angle,  using  squares,  protractors, 
and  other  gauges;  the  manual  procedure 
was  both  tedious  and  prone  to  error. 

The  photometer  has  a  1  °  circular  field  of 
view.  It  is  held  by  a  parallelogram  linkage 
(see  Figure  1)  that  keeps  it  pointed  at  the 
center  of  the  aperture  of  the  light  source 


while  it  is  moved  to  different  viewing  an- 
gles. The  parallelogram  linkage  is  connect- 
ed to  an  x-y  plotter  through  a  drive  arm.  The 
outer  end  of  the  parallelogram  is  scanned 
in  x  by  the  horizontal  motion  of  the  x  arm  of 
the  plotter  and  in  y  by  the  vertical  motion  of 
the  plotter.  The  drive  arm  slides  in  sleeve 
bearings  to  allow  the  photometer  to  move 
freely  and  remain  at  a  constant  radius  from 
the  center  of  the  aperture  (which  is  also  the 
center  of  rotation). 

Under  the  control  of  a  computer,  the 
photometer  takes  measurements  at  many 
angular  positions  along  the  raster  generat- 


ed by  the  motion  of  the  x-y  plotter.  While 
the  vertical  position  is  held  constant,  the 
linkage  is  scanned  horizontally  over  the 
interval  of  ±  32  °  from  the  perpendicular 
to  the  aperture.  The  y  position  is  then 
changed  by  one  interval  and  the  x  scan  re- 
peated. 

Altogether,  the  televisionlike  raster  gen- 
erated by  the  plotter  motion  contains  50 
horizontal  lines  (see  Figure  2)  correspond- 
ing to  50  different  vertical  positions.  During 
the  analysis  of  the  measurements,  the 
angular  coordinates  are  easily  recovered 
from  x  and  y  coordinates  by  calculating  the 


Integrating 
Hemisphere 
or  Other 
Light  Source 


/  \ 

/  \ 

/  Angular         \ 

/  Scan  ±32°        \ 


Counterbalance 


Supporting 
Stand 


Amplifier-^ 

I      Sleeve 
Horizontal  Travel^  |  Bearings 


x-y  Plotter 


y     (Out  of  Page) 
O x 


Figure  1 .  The  Scanning  Mechanism  keeps  the  photometer  pointed  at  the  center  of  the  aperture 
while  moving  it  to  different  viewing  positions. 


785 


projection  of  the  flat  x-y  raster  onto  a 
sphere  along  the  radius  from  the  photo- 
meter to  the  center  of  rotation. 

The  scanning  goniophotometer  is  not 
only  less  cumbersome  than  a  manual  one 
to  set  up:  it  is  more  precise,  provides  more 


data  in  less  time,  and  requires  a  minimum 
of  time  to  change  to  a  different  light  source. 
There  is  no  physical  connection  between 
axis  of  rotation  of  the  sensor  and  the  posi- 
tion of  the  source.  Automatic  operation 
and  computer  control  enable  the  variation 


of  the  raster  size,  scanning  speed,  sampl- 
ing rate,  and  the  type  of  data  displayed. 

This  work  was  done  by  Richard  G.  Holt 
of  Goddard  Space  Flight  Center. 
GSC-12991  fTN 
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Figure  2.  The  Scanning  Motion  of  the  x-y  plotter  forms  a  raster  in  a  vertical  plane.  The  viewing 
angles  represented  by  the  raster  can  be  visualized  by  simply  drawing  a  line  from  a  desired  point 
on  the  raster  to  the  center  of  the  aperture. 
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Laser  Anemometer  for  Turbine  Research 

Three  velocity  components  are  measured  through  one  port. 


A  laser  anemometer  measures  radial, 
axial,  and  circumferential  gas-velocity 
components  in  a  turbine  stator.  The  meas- 
urements are  made  through  a  small  cylin- 
drical window  that  is  typical  of  the  restric- 
tions on  access  to  the  flow  passages  of 
working  turbomachinery. 

The  anemometer  uses  the  standard  in- 
tersecting-beam,  laser-fringe  anemometer 
configuration  with  fluorescent  aerosol 
seed  particles  entrained  in  the  flow  to 


measure  the  axial  and/or  circumferential 
components  of  velocity  in  the  plane  de- 
fined by  the  intersecting  beams.  The  radial 
component  (along  the  optical  axis,  which  is 
radially  oriented  and  bisects  the  two 
beams)  is  measured  via  the  Doppler  shift 
by  a  confocal  Fabry-Perot  interferometer. 
The  source  of  the  probing  light  beams 
(see  figure)  is  an  argon-ion  laser  operating 
at  a  wavelength  of  514.5  nm.  A  portion  of 
the  laser  beam  is  split  off  and  sent  to  an 


acousto-optic  modulator  (Bragg  cell), 
which  is  used  to  generate  a  400-MHz  refer- 
ence offset  from  the  laser  frequency.  The 
remainder  of  the  laser  beam  is  send  to  a 
beam  divider,  which  splits  the  beam  into 
two  equally  intense  parallel  beams  about 
10  mm  apart. 

The  divider  is  placed  in  a  motor-driven 
rotary  mount  so  that  the  plane  defined  by 
the  two  beams  and,  therefore,  the  orienta- 
tion of  the  interference  fringes  and  con- 


Probe 
Volume 


Radial  Axis  =  Optical  Axis 


^6 


Scattered 
'Light 


M5. 


5k 

)bing    ^OOw- 

Liqht  -^ \> 


1-3 

A 


Aperture 
Mask 


Probi 

-ight 
Beams 


^S 


l/f 


[j 


Confocal 
Fabry-Perot 
Interferometer      \ 


^> 


Beam 


Notes:  1.  L  =  Lens 
2.  M  =  Mirror 


Dichroic 

Beam 

Splitter 


^__^  Elastically 
Scattered 
Light 

Long-Wavelength-^^^ 
Half-Wave  Pass  Filter 

Plate 


Fluorescent 

Scattered 

Light 

3 


Pinhole 


M3 


Narrow-Band 
Laser-Wavelength- 
Pass  Filter 


^ 


/ 


Pinhole 


^V   Beam 
Splitter 


Bragg 

Cell 


Photomultiplier 
1 


0   *, 


L1 


The  Laser  Anemometer  combines  a  conventional  interference-fringe  anemometer  configuration  with  a  Fabry-Perot  interferometer  to  enable 
the  simultaneous  measurement  of  radial  and  transverse  velocities.  The  transverse-velocity  axis  can  be  rotated,  thereby  enabling  the  meas- 
urement of  both  transverse-velocity  components.  Unlike  prior  systems,  this  one  does  not  require  a  large  optical-access  port  for  the  measure- 
ment of  the  radial  velocity. 
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projection  of  the  flat  x-y  raster  onto  a 
sphere  along  the  radius  from  the  photo- 
meter to  the  center  of  rotation. 

The  scanning  goniophotometer  is  not 
only  less  cumbersome  than  a  manual  one 
to  set  up:  it  is  more  precise,  provides  more 


data  in  less  time,  and  requires  a  minimum 
of  time  to  change  to  a  different  light  source. 
There  is  no  physical  connection  between 
axis  of  rotation  of  the  sensor  and  the  posi- 
tion of  the  source.  Automatic  operation 
and  computer  control  enable  the  variation 


of  the  raster  size,  scanning  speed,  sampl- 
ing rate,  and  the  type  of  data  displayed. 

This  work  was  done  by  Richard  G.  Holt 
of  Goddard  Space  Right  Center. 
GSC-12991  /TN  { 
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Figure  2.  The  Scanning  Motion  of  the  x-y  plotter  forms  a  raster  in  a  vertical  plane.  The  viewing 
angles  represented  by  the  raster  can  be  visualized  by  simply  drawing  a  line  from  a  desired  point 
on  the  raster  to  the  center  of  the  aperture. 
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Laser  Anemometer  for  Turbine  Research 

Three  velocity  components  are  measured  through  one  port. 


A  laser  anemometer  measures  radial, 
axial,  and  circumferential  gas-velocity 
components  in  a  turbine  stator.  The  meas- 
urements are  made  through  a  small  cylin- 
drical window  that  is  typical  of  the  restric- 
tions on  access  to  the  flow  passages  of 
working  turbomachinery. 

The  anemometer  uses  the  standard  in- 
tersecting-beam,  laser-fringe  anemometer 
configuration  with  fluorescent  aerosol 
seed  particles  entrained  in  the  flow  to 


measure  the  axial  and/or  circumferential 
components  of  velocity  in  the  plane  de- 
fined by  the  intersecting  beams.  The  radial 
component  (along  the  optical  axis,  which  is 
radially  oriented  and  bisects  the  two 
beams)  is  measured  via  the  Doppler  shift 
by  a  confocal  Fabry-Perot  interferometer. 
The  source  of  the  probing  light  beams 
(see  figure)  is  an  argon-ion  laser  operating 
at  a  wavelength  of  514.5  nm.  A  portion  of 
the  laser  beam  is  split  off  and  sent  to  an 


acousto-optic  modulator  (Bragg  cell), 
which  is  used  to  generate  a  400-MHz  refer- 
ence offset  from  the  laser  frequency.  The 
remainder  of  the  laser  beam  is  send  to  a 
beam  divider,  which  splits  the  beam  into 
two  equally  intense  parallel  beams  about 
10  mm  apart. 

The  divider  is  placed  in  a  motor-driven 
rotary  mount  so  that  the  plane  defined  by 
the  two  beams  and,  therefore,  the  orienta- 
tion of  the  interference  fringes  and  con- 
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The  Laser  Anemometer  combines  a  conventional  interference-fringe  anemometer  configuration  with  a  Fabry-Perot  interferometer  to  enable 
the  simultaneous  measurement  of  radial  and  transverse  velocities.  The  transverse-velocity  axis  can  be  rotated,  thereby  enabling  the  meas- 
urement of  both  transverse-velocity  components.  Unlike  prior  systems,  this  one  does  not  require  a  large  optical-access  port  for  the  measure- 
ment of  the  radial  velocity. 
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sequently  the  velocity  components  meas- 
ured in  the  probe  volume  can  be  controlled. 
A  half-wave-retardation  plate,  gear-driven  by 
the  rotary  mount  at  half  the  rotation  oflhe 
divider,  maintains  the  proper  linear  polari- 
zation at  the  beam-divider  input. 

Lens  3  brings  the  beams  together  in  the 
probe  volume.  Light  from  the  beams  is 
scattered  by  the  seed  particles,  both  elasti- 
cally  at  the  laser  wavelength  and  inelasti- 
cally  by  fluorescence  at  a  longer  wave- 
length. The  scattered  light  is  collimated  by 
lens  3,  then  passes  through  an  aperture 
mask  with  a  central  stop  to  reduce  the  ef- 
fective radial  length  of  the  probe  volume. 
Lenses  4  and  5  reduce  the  diameter  of  the 
collimated  scattered  light. 


A  dichroic  beam  splitter  separates  the 
elastically  scattered  and  fluorescent  por- 
tions of  the  collimated  scattered  light.  The 
elastically  scattered  beam  is  passed 
through  a  narrow-band  filter  at  the  laser 
wavelength  and  fed  to  the  confocal  Fabry- 
Perot  interferometer  and  photomultiplier. 

The  fluorescent  light  is  sent  through  a 
long-wavelength-pass  filter  to  suppress  the 
remaining  514.5  nm  light.  The  filtered 
fluorescent  light  is  focused  through  a  pin- 
hole into  a  photomultiplier  for  the  measure- 
ment of  the  transverse  velocity  compon- 
ent. 

This  work  was  done  by  Richard  G. 
Seasholtz  and  Louis  J.  Goldman  of  Lewis 
Research  Center.  Further  information 


may  be  found  in  NASA  TM-87322  [N86- 
24967/NSP],  "Combined  Fringe  and 
Fabry-Perot  Laser  Anemometer  for  Three 

Component  Velocity  Measurements  in  Tur- 
bine Stator  Cascade  Facility."  [AQ>2] 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
LEW-14513 
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Sectioning  Coated 
Specimens  Without 
Edge  Rounding 

A  mounting  method  combines 
rigidity  for  polishing  with 
conductivity  for  electron 
microscopy. 


A  new  method  has  been  devised  for  the 
preparation  of  cross  sections  of  coated 
specimens  for  scanning  electron  micros- 
copy (SEM)  or  energy-dispersive  analysis 
(EDAX)  without  rounding  of  the  edges  of 
the  coatings.  After  cutting  and  polishing,  a 
specimen  section  remains  smooth  and  flat 
so  that  it  can  be  examined  under  high  mag- 
nification out  to  the  edge  of  the  coating. 

The  method  was  developed  for  examin- 
ing the  microstructure  of  low-pressure- 
plasma-sprayed  coatings  on  turbine 
blades.  The  cross  section  of  the  blade 
must  be  mounted  in  a  conductive  material 
for  SEM  or  EDAX.  Previously,  the  section 
was  fully  encapsulated  in  conductive  ma- 
terial. However,  the  coating,  sandwiched 
between  the  hard  blade  substrate  and  the 
soft  encapsulant,  became  rounded  when  it 
was  polished. 

In  the  new  method,  the  sectioned  blade 
is  first  electroplated  with  hard  nickel 
0.003  in.  (76  ^m)  thick.  It  is  then  encapsu- 
lated in  two  layers  of  material:  the  soft  con- 
ductive material  at  the  bottom  and  0.25  in. 
(6.4  mm)  of  hard  diallyl  phthalate  at  the  top 
(see  figure).  The  surface  of  the  section  can 
then  be  polished  without  danger  of  round- 
ing because  the  outer  edge  of  the  coating 
is  supported  by  the  nickel  plate  and  the 
hard  compound.  The  nickel  plate  provides 
an  electrical  path  from  the  surface  of  the 
section  to  the  conductive  material  below. 

Two  sections  can  be  encapsulated  and 
polished  together  to  speed  up  specimen 
preparation.  Moreover,  less  conductive 
material  is  needed  in  the  two-layer  mount- 
ing, so  costs  are  reduced. 

This  work  was  done  by  Timothy  N. 
McKechnie  of  Rockwell  International  Corp. 
for  Marshall  Space  Right  Center. 
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SIDE  VIEW 

Embedded  in  a  Hard  Plastic,  a  pair  of  coated  turbine-blade  sections  are  ready  for  electron 
microscopy.  A  thin  layer  of  nickel  joins  the  blade  coating  electrically  to  a  conductive  layer  at 
the  base  of  the  specimen. 
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Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
MFS-29228  /JN 


George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D  Wofford,  Jr 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Laser  Doppler  Velocimeter  System 

Seeded  flows  are  measured  optically. 


A  laser  Doppler  velocimeter  measures 
the  seeded  airflow  in  the  Ames  High 
Reynolds  Channel  No.  II  wind  tunnel.  Be- 
cause the  wind-tunnel  test  section  must  be 
placed  inside  a  pressure  vessel,  the  veloci- 
meter and  the  affected  portion  of  the  wind 
tunnel  are  designed  as  an  integrated  sys- 
tem. 

The  optical  system  of  the  velocimeter 
consists  of  two  groups  of  components  (see 
figure).  The  outer  group,  mounted  on  top  of 
the  tunnel  outside  the  pressure  vessel,  in- 
cludes a  5-W,  all-spectral-line  argon-ion 
laser  and  associated  optics  to  form  four 
parallel  light  beams.  Each  pair  of  beams 
constitutes  a  channel  and  one  beam  in 
each  pair  is  Bragg-shifted  40  MHz  to  elimi- 
nate the  directional  ambiguity.  The  inner 
group  consists  of  a  three-dimensional, 
computer-controlled  scanning  mechanism 
with  mirrors,  a  focusing  lens,  and  receiving 
optics  to  collect  the  light  scattered  from 
seed  particles  entrained  in  the  flow. 

The  optical  Doppler  signals  from  both 
channels  are  spatially  filtered,  then 
transmitted  through  a  multimode  optical 
fiber  10  m  long  to  receiving  equipment  out- 
side the  pressure  vessel.  There,  the  signals 
are  separated  by  colors  and  detected  by 
photomultipliers. 

The  optical  system  is  designed  for  im- 
munity to  the  effects  of  noise,  vibration, 
thermal  strain,  and  pressure  strain  in- 
herent in  wind-tunnel  operation.  A  welded 
steel  frame  is  mounted  on  six  welded  sup- 
ports on  top  of  the  pressure  vessel.  Brass 
pads  permit  relative  motion  between  the 
pressure  vessel  and  the  frame  to  relieve 
thermal  and  pressure  strains.  A  honey- 
comb optical  table  4  by  8  by  1  ft  (1.2  by  2.4 
by  0.3  m)  is  placed  on  the  frame.  A  felt  pad 
0.5  in.  (1.3  cm)  thick  between  the  frame 
and  the  table  decouples  and  damps  high- 
frequency  vibrations.  The  table  and  optics 
are  enclosed  by  a  rigid  aluminum  cover 
that  serves  as  a  safety  shield  against  the 
laser  beams  and  protects  the  optics 
against  dust  and  noise. 

The  scanning  mechanism  is  mounted 
on  two  rails  inside  the  upper  wall  of  the 
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Three  Slip  Mounts 
(Brass  Pads) 


Frame 

One  Rigid  Mount 
and  Two  Slotted 
Mounts  (Brass  Pads) 


Signal 
Processors 


The  Laser  Doppler  Velocimeter  is  integrated  with  the  wind-tunnel  pressure  vessel  with  a 
mounting  system  that  minimizes  the  effects  of  vibrations  and  of  pressure  and  thermal 
strains. 


pressure  vessel.  One  rail  locates  the  inner 
optics  with  a  V-track  and  grooved  wheels. 
The  other  rail  is  flat  to  permit  lateral  sliding 
for  relief  of  thermal  and  pressure  strains. 
The  inner  and  outer  optical  assemblies  are 
fixed  relatively  by  one  of  the  honeycomb- 
table  supports. 

The  airflow  is  seeded  with  polystyrene 
spheres  having  diameters  between  0.35 
and  0.55  imd.  The  particles  are  suspended 
in  a  solution  of  water  and  alcohol  and 
sprayed  into  the  tunnel  through  a  row  of 
atomizers.  The  sprays  are  directed  to  pro- 
vide adequate  coverage  of  the  test  volume 
without  contaminating  the  boundary-layer 
suction  system. 


This  work  was  done  by  H.  Lee 
Seegmiller,  Jon  B.  Bader,  John  P.  Cooney, 
Anemarie  De  Young,  Ralph  W.  Donaldson, 
Jr.,  William  D.  Gunter,  Jr.,  and  Dean  R.  Har- 
rison of  Ames  Research  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Ames 
Research  Center  Refer  to  ARC-11679/TN 

Ames    Research    Ctr. 

Technology    Utilization  Patent  Counsel 

Officer  Laurance  Milov  Darren  C  Brekke 

Mail  Code  223-3  Mail  Code  200-1 1 

Molfett  Field.  CA  94035  Moffett  Field.  CA  94035 

(415)694-6471  (415)694-5104 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Natural   Bacteria   Cleans  Groundwater 
Contaminated  by  Nitrate 


Natural  bacteria    living  in  some  types  of  soil  can  help  clean  ground- 
water contaminated  by  nitrate.     The  product  of  nitrogen  compounds 
in  fertilizer,  animal  waste,  and  other  sources  can  sometimes  leach 
through  the  soil,  polluting  groundwater.     But  some  bacteria  can 
change  nitrate  into  nitrous  oxide  or  dinitrogen  gases  that  harmlessly 
disperse.     In  cooperation  with  the  U.S.  Geological  Survey,  ARS 
scientists  conducted  tests  that  showed  this  occurring  in  a  sandy- 
clay  aquifer,  an  underground  geological  formation  holding  useful 
amounts  of  groundwater,   in  the  Coastal  Plains  of  Georgia.     Scientists 
are  looking  for  ways  to  boost  bacteria's  usefulness  as  a  way  to 
reduce  groundwater  pollution. 


FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further, 
contact  Richard  Lowrance,  Southeast   Watershed  Research  Lab, 
Georgia  Coastal  Plain  Experiment  Station,  PO  Box  948,  Tifton, 
GA  31793;  (912)  386-3514. 
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Biodegradation  System  for  Toxic  Organic  Waste 
Processing 


Disposing  of  hazardous  waste  is  a  high  priority  item  for  every  organi- 
zation that  produces  it.     Virtually  every  hospital,  research  university, 
and  biotechnology  company  in  the  U.S.  produces  small  quantities  of 
hazardous  wastes  of  organic  compounds,  e.g.,  toluene,  xylene,  and 
pseudocumene.     The  first  two  of  these  compounds  are  on  the  EPA 
priority  pollutant  list.     A  mixture  of  these  compounds  is  known  as  a 
liquid  scintillation  cocktail  when  the  mixture  also  contains  radio- 
active materials.     The  new  Biodegradation  system  introduces  organisms 
to  the  cocktail  that  detoxify  it  at  very  high  levels  of  efficience. 
The  system  includes  a  bioreactor  (where  living  cells  "feed"  on  the 
toxic  materials  and  produce  carbon  dioxide),  accessory  hardware,  and 
a  supply  of  the  detoxifying  microorganisms.     Once  installed,  the  system 
will  continually  bioprocess  an  inflow  of  the  cocktail,  rendering  it  safe 
for  conventional  disposal  through  the  sewer  system  if  the  radioactivity 
is  within  prescribed  limits,  or  as  low  level  radioactive  waste  otherwise. 
This  eliminates  the  high  cost  of  packing  and  transporting  the  mixed 
waste  to  the  very  few  authorized  disposal  sites.     Sanctioned  methods 
for  handling  the  waste  at  present  are  incineration  and  long-term 
storage.     Converting  the  waste  at  the  site  eliminates  dependence  on 
these  methods  and  the  cost  associated  with  them. 

No  other  method  allows  disposal  of  the  wastes  at  the  point  where  they 
are  generated.     The  system  is  easily  operated  and  maintained  and  can 
be  highly  automated.     Because  the  waste  itself  serves  as  feed  for  the 
microorganisms,  only  a  small  amount  of  electricity,  cold  water,  and 
a  salt  media  must  be  provided.     The  only  other  sanctioned  methods 
for  disposing  of  the  wastes  are  incineration  and  long-term  storage, 
both  of  which  are  expensive,  have  limited  availability,  and  require 
considerable  handling  and  risk. 

This  process  is  not  limited  to  the  disposal  of  liquid  scintillation  waste 
but  is  applicable  to  any  mixed  waste  containing  biodegradable  compounds. 
Any  waste  containing  these  aromatic  compounds  could  possibly  be 
cleaned  up  using  this  system  or  a  modified  version.     For  instance,  the 
processing  of  laboratory  solvents,   wastes  containing  oils,  organics  with 
metals,  and  other  industrial  sources  of  these  wastes  could  be  cleaned 
up  or  partially  treated  thereby  making  them  easier  to  be  disposed. 

FOR  ADDITIONAL  INFORMATION:     Dr.  Jane  Welch,  ORTA,  Idaho 
National  Engineering  Laboratory,  PO  Box  1625,  Idaho  Falls,  ID  83415; 
(208)  526-8318.     Refer  to  DOE/INEL-034. 
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Volatile  Organic  Compound  Emission  Projection 
Model  User's  Manual  (Version  1.8) 


This  report  is  a  user's  manual  and 
reference  guide  for  the  Volatile  Organic 
Compound  Emission  Projection  Model 
(VOCM),  Version  1 .8.  It  highlights  the 
model's  major  features,  explains  the 
basic  operations  of  the  model  and 
defines  terms,  describes  how  to  install 
and  operate  the  model,  explains  how 
to  enter  the  input  data  required  for  the 
model's  operation,  and  explains  how  to 
run  a  projection  with  a  sample  set  of 
user-specified  input  data. 

Manual  appendices  contain  samples 
of  the  model's  eight  data  file  sheets, 
along  with  descriptions  of  the  fields  on 
each  sheet;  present  samples  of  the 
model's  output  and  describes  the 
information  thereon;  and  list  the  limits 
that  the  model  imposes  on  certain 
operational  parameters. 

This  Project  Summary  was  devel- 
oped by  EPA's  Air  and  Energy  Engi- 
neering Research  Laboratory ,  Research 
Triangle  Park,  NC,  to  announce  key 
findings  of  the  research  project  that  is 
fully  documented  in  a  separate  report 
of  the  same  title  (see  Project  Report 
ordering  information  at  back). 

Introduction 

The  Volatile  Organic  Compound  Emis- 
sion Projection  Model  (VOCM)  is  a 
program  that  can  model  the  effects  of 
growth,  retirements,  and  regulations  on 
future  emissions  of  volatile  organic 
compounds  (VOCs).  It  forecasts  by  pro- 
jecting the  emissions  existing  in  a 
baseline  year  into  the  future,  then 
reducing  the  projected  emissions  to 
levels  required  by  the  applicable  emis- 
sion constraint.  Data  files  for  a  1980 
baseline  year  are  provided  with  Version 
1 .8  of  the  VOCM  model.  VOCM  can  also 
estimate  the  cost  of  controlling  emis- 
sions to  the  required  levels.  The  program 
is  designed  to  be  used  on  the  IBM-PC 
family  of  computers  (and  100%  compat- 
ible computers). 

VOCM  is  an  extremely  powerful  and 
versatile  program.  It: 

•  Can  project  emisisons  for  up  to  70 
years  in  the  future  (i.e.,  beyond  the 
base  year  of  the  emissions). 


•  Can  project  emissions  from  as  many 
as  1,000  industrial  categories  in  up 
to  50  geographic  regions. 

•  Can  project  emissions  from  sources 
existing  in  the  base  year  and  from  new 
and  replaced  processes  that  are  built 
during  the  projection  period. 

•  Allows  the  user  to  specify  growth 
rates  that  are  specific  to  a  particular 
industry  in  a  particular  region.  The 
growth  rates  can  change  with  time. 

•  Allows  the  user  to  apportion  growth 
(new  emissions)  between  attainment 
and  non-attainment  areas. 

•  Can  model  the  effect  of  up  to  500 
regulatory  and  other  emission  con- 
straints. Each  constraint  can  apply  to 
any  combination  of  regions  and  indus- 
trial categories.  Each  constraint  can 
apply  to  existing,  new,  and/or 
replaced  emissions. 

•  Can  determine  the  costs  of  controlling 
the  projected  emissions  to'*  meet 
applicable  constraints. 

•  Can  perform  projections  for  all  regions 
and  industrial  categories  in  the  data 
base,  or  for  only  certain  specified 
ones. 

•  Can  run  projections  for  more  than  1 
year  at  a  time. 

•  Allows  the  user  to  import  data  from 
other  files. 

•  Allows  the  user  to  specify  that  pro- 
jection results  for  certain  industrial 
categories  be  aggregated  and  reported 
under  common  identifiers. 

To  run  VOCM,  the  following  computer 
facilities  are  needed: 

•  An  IBM-PC  with  two  floppy  disk  drives, 
or  an  IBM-PC  XT  or  AT  with  a  hard 
disk.  A  machine  with  a  hard  disk  is 
needed  to  efficiently  run  VOCM  for 
complex  problems  using  large  input 
files  similar  to  those  supplied  with  the 
model.  Another  feature  that  is  not 
required,  but  will  improve  perform- 
ance is  a  numerics  co-processor. 
VOCM  does  not  need  a  numerics  co- 
processor to  operate,  but  it  will  run 
faster  if  the  computer  has  one. 
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•  The  amount  of  memory  required 
depends  on  the  complexity  of  the 
projections  to  be  run.  For  simple 
projections  (i.e.,  those  involving  rel- 
atively few  constraints,  cost  tables, 
regions,  and  industrial  categories), 
320K  will  usually  be  enough.  For  more 
complex  projections,  51 2K  will  gener- 
ally be  adequate.  Extremely  complex 
projections  may  require  the  maximum 
amount  of  memory  that  can  be 
accessed  by  programs  running  under 
PC-DOS  (640K). 

•  PC-DOS  (or  MS-DOS)  Version  2.0  or 
higher  operating  system. 

•  Blank  floppy  disks  to  store  the  data 
files  for  floppy  disk  systems  or  to  back 
up  the  data  files  for  hard  disk  systems. 

•  A  printer  to  print  the  results.  The 
printer  must  be  able  to  print  up  to  1 31 
columns.  VOCM  automatically  toggles 
IBM/Epson  dot-matrix  printers  into 
their  compressed  printing  models, 
enabling  the  narrow  carriage  models 
to  print  131  columns. 

•  The  VOCM  program  and  support  files. 

The  manual  gives  an  overview  of  the 
model's  operation  and  its  main  features. 
Definition  of  terms  that  the  model  user 
should  be  familiar  with  are  also  pre- 
sented. It  also  describes  in  detail  the 
procedures  to  be  used  to  install  and 
operate  the  VOCM  model.  Alternative 
methods  of  entering  data  into  the  model 
are  also  described.  A  sample  of  user- 
specified  input  data  is  given.  Using  the 
sample  data  inputs,  a  VOCM  model  run 
is  shown. 

Intermediate  Projection 
Results 

Intermediate  output  is  intended  to  be 
used  as  a  debugging  aid,  giving  insight 
into  how  the  final  projection  results  were 
computed.  Because  this  output  is 
detailed  and  lengthy,  its  generation  can 
be  quite  time-consuming.  Therefore,  it  is 
recommended  that  this  output  be  gener- 
ated only  for  projections  involving  a  few 
sectors. 

Three  types  of  intermediate  projection 
results  output  can  be  obtained: 

•  Year-by-Year  Projected  Emissions 
Table. 

•  Emission  Constraint  List. 

•  Emissions  Segment  Tables. 

Summary  of  Input  Data 

The  second  category  of  output  consists 
of  tables  containing  the  input  data.  The 
contents  of  the  cost  data  file  are  printed 
only  when  a  cost  analysis  is  performed; 
the  contents  of  the  aggregation  data  file 
are  printed  only  when  the  projection 
results  are  aggregated. 


Final  Projection  Results 

The  third  category  of  output  consists 
of  the  final  projection  results.  The  three 
different  types  of  final  projection  results 
are: 

•  Regional  Emission  Projection  Details. 

•  Regional  Emission  Projection  Results. 

•  Overall  Emission  Projection  Results. 

Each  of  these  is  listed  on  the  GLO- 
BALDAT  file  sheet  and  can  be  obtained 
or  suppressed  by  entering  a  Y  or  N  (yes 
or  no)  character  in  the  corresponding 
field. 

The  Regional  Emission  Projection 
Details  output  provides  detailed  sum- 
mary information  about  each  sector's 
projection.  A  separate  table  is  generated 
for  each  region  in  the  projection.  Among 
the  information  included  in  each  table 
are  the  overall  growth  rates  for  both 
attainment  and  non-attainment  areas, 
the  number  of  applicable  constraints, 
whether  a  relative  or  absolute  analysis 
was  performed,  and  notes  that  warn  of 
potential  problems  and/or  omissions  in 
the  input  data. 

The  Regional  Emission  Project  Results 
output  consists  of  an  emission  summary 
table  for  every  region  in  the  projection. 
Each  table  lists  the  base  year  and 
projection  year  emissions  for  each 
industrial  category  in  the  region  as  well 
as  the  total  emissions  from  all  industrial 
categories  in  the  region. 

If  a  cost  analysis  has  been  performed, 
this  output  also  includes  a  cost  summary 
table  for  every  region  in  the  projection. 
Each  cost  summary  table  lists  the  base 
year  and  projection  year  control  costs, 
emission  reduction,  and  cost  effective- 
ness for  each  industrial  category  in  the 
region  as  well  as  the  absolute  and 
percent  change  between  the  base  year 
and  projection  year  control  costs.  The 
table  also  lists  the  total  control  cost, 
emission  reduction,  and  cost  effective- 
ness for  all  industrial  categories  in  the 
region. 


M.  Jennings  is  with  Digital  Kinetics.  Inc..  La  Honda.  CA  94020.  and  T.  Emmel 

is  with  Radian  Corp..  Research  Triangle  Park.  NC  27709. 
Larry  G.  Jonas  is  the  EPA  Project  Olficer  (see  below). 

The  complete  report  of  paper  copy  and  diskettes,  entitled  "The  Volatile  Organic 
Compound  Emission  Projection  Model  User's  Manual  (Version  1.8). " 
(Paper  Copy  Order  No.  PB  88-157  896/AS:  Cost.  SI 4.95) 
(Diskettes  Order  No.  PB  88-157  888/AS;  Cost:  $100.00.  this  cost  includes 
the  paper  copy  as  well) 
The  above  items  will  be  available  only  from:  (costs  subject  to  change) 
National  Technical  Information  Service 
5285  Port  Royal  Road 
Springfield.  VA  22161 
Telephone:  703-487-4650 
The  EPA  Project  Officer  can  be  contacted  at: 

Air  and  Energy  Engineering  Research  Laboratory 
U.S.  Environmental  Protection  Agency 
Research  Triangle  Park.  NC  27711 
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Computer  Model  OPUS  Calculates  Groundwater 
Contamination  from  Nuclear  Fallout 


A  computer  model    that  predicts  chemical  movement  in  soils  can  also 
calculate  how  fast  nuclear  fallout  from  some  future  disaster  would 
contaminate  groundwater  supplies.     Preliminary  results  with  the 
model  OPUS  indicate  that  soil  type  is  a  main  factor  that  determines 
how  much  and  how  fast  radioactive  material  moves.     Sandy  soils 
would  act  like  a  sieve,  while  heavier  soils,   like  clays,  would  hold 
such  materials  longer  and  keep  them  out  of  underground  water. 

FOR  ADDITIONAL  INFORMATION:     To  discuss  this  effort  further, 
contact  Hydro-Ecosystems  Research,  301    S.  Howes,  PO  Box  E, 
Fort  Collins,  CO  80522,  Roger  E.  Smith,  (303)  221-0578. 
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&  Tools 

793  Application  of  Counter  Holder  Equipment  to  Rotary  Forging 

794  Computer  Integrated  Manufacturing  (CIM)  for  Cannon 

795  Electroformed  Aspheric  Metal  Mirror 

796  Flexible  Machining  System  Pilot  Line  for  Tracked  Combat  Vehicle  Compo- 
nents 

797  Military  Plasma  Panel 

798  Pilot  Automated  Shop  Loading  and  Control  System-CAM 

799  New  Way  to  Rework  Scrapped  Turbine  Blades 

800  Oxynitride  Braze  Method  for  Joining  Silicon  Nitride  Ceramics 

801  Assuring  Precise  LFC-Suction-Strip  Porosities  —  A  masking  technique  is 
used  in  bonding  perforated  titanium  sheets  to  substructures. 

802  Carbon  Coating  of  Copper  by  Arc-Discharge  Pyrolysis  —  An  adherent, 
abrasion-resistant  coat  is  deposited  with  existing  equipment.  (Licensing 
Opportunity) 

803  Ink-Jet  Printer  Forms  Solar-Cell  Contacts  —  Contacts  are  formed  in 
controllable  patterns  with  metal-based  inks. 

804  Robot  Gripper  With  Signal  Processing  —  A  single-chip  computer  and 
sensor-circuit  chips  preprocess  sensor  data. 

805  Piezoviscosity  in  Lubrication  of  Nonconformal  Contacts  —  Developments 
in  the  theory  of  lubrication  are  reported. 

Testing  &  Instrumentation 

806  Sizing  Dye-Penetrant  Indications  of  Defects  —  Sizes  of  cracks  and  holes 
viewed  through  a  borescope  can  be  measured.  (Licensing  Opportunity) 

807  Toolmaker's  Microscope  With  Video  Monitor  —  Display  accessories 
increase  resolution  and  flexibility  of  use. 

808  Periscope  for  Viewing  Weld  Penetration  —  The  same  device  gives  a  full 
view  and  provides  shielding. 


U.S.  Army  Fact  Sheet 
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Application  of  Counter  Holder  Equipment  to  Rotary 
Forging 


The  project  objective  was  to  obtain  the  ability  to  rotary  forge  a 
greater  variety  of  tubular  and  solid  shapes  with  closer  tolerances 
and  eliminate  problems  with  tube  straightness  and  wall  variation. 

This  project  provided  engineering  support  during  and  after  the 
installation  of  the  counterholder  device  on  the  feed  end  (chuck-A) 
of  the  rotary  forge.     This  support  was  in  the  area  of  preform 
design,  counterholder  pressure,  numerical  control  (N/C)  programming, 
and  testing. 

The  counterholder  equipment  was  procured  and  installed  by  Watervliet 
Arsenal  and  consisted  of: 

°     A  hydraulic  push  rod  installed  within  the  feed  chuck  head. 

°     Adapters  to  fit  the  push  rod  that  vary  in  size  to  accommodate 
the  different  diameter  preforms. 

°     Steel  plates  accommodating  different  diameter  preforms  that 
attach  to  the  feed  side  of  the  forging  box.     These  align  and 
restrict  bouncing  of  the  preform  during  the  forging 
operation. 

°     Electrical  circuits  and  limit  switches  that  control  the  motion 
and  pressure  of  the  push  against  the  preform. 

A  minor  design  change  was  required  to  the  preforms  in  order  to  forge 
with  use  of  the  push  rod.     This  change  consisted  of  a  chamfer  2"  x 
45°  angle  in  the  breech  end  of  the  preform. 

The  counterholder  device  was  tested  and  all  forged  tubes  were   100 
percent  inspected.     All  tubes  fell  well  within  tolerance  specifications. 
The  constant  pushing  pressure  keeps  the  preform  and  mandrel  directly 
and  evenly  under  the  forge  hammer  during  the  entire  forging  process. 
These  results  showed  the  counterholder  system  to  be  an  asset  to  the 
forge  in  controlling  straightness  and  wall  variation. 

FOR  ADDITIONAL  INFORMATION:     Rolf  Anderson,  AMXIB-PG,  Pro- 
duction Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 
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Computer  Integrated  Manufacturing  (CIM)  for 
Cannon 


Conventional  numerical  control  (NC)  manufacturing  practices  utilized 
punched  tape  as  the  primary  input  medium  to  the  machine  tool  controller. 
The  dependence  on  tape  input  severely  restricted  productivity,  generated 
unnecessary  levels  of  labor  intensive  support  and  stifled  opportunities 
to  exploit  computer-aided  design/computer-aided  manufacturing  (CAD/ 
CAM)  technologies. 

The  goals  of  this  3-year  project  were  to: 

*  Establish  and  integrate  a  pilot  distributed  numerical  control  (DNC) 
system  with  the  existing  part  programming  computer; 

*  Investigate  and  provide  information  for  the  application  and  imple- 
mentation of  current  and  future  technologies  and  to  establish  a  test  bed 
for  the  pilot  system; 

*  Use  the  prototype  test  bed  to  address  the  issues  of  software 
development,  hardware  selection  and  purchase,  installation,  test  and 
evaluation  of  CAD/CAM  systems  dealing  with  on-line  machine  diagnostics, 
adaptive  machine  control,  management  information  feedback,  data  format, 
computer  graphics;  and, 

*  Integrate  the  facility's  first  generation  NC  machine  tools  into  the 
DNC  system. 

The  pilot  system  consisting  of  six  machine  tools  and  a  host  computer  has 
been  used  to  support  production  efforts  and  to  provide  a  test  site  for 
evaluating  the  expansion  of  DNC  throughout  the  facility.     Activities  which 
concluded  the  project  concentrated  on  the  integration  of  old  inventory 
NC  machines  with  more  recent  computer  numerical  control  technology. 
The  viability  of  retrofitting  an  older  NC  machine  tool  with  a  state-of- 
the-art  control  for  direct  DNC  communication  was  established.     Based 
on  this  work,  a  vintage  1972  5-axis  K&T  Machining  Center  was  remanu- 
factured  and  connected  to  the  DNC  system. 

Current  plant-wide  system  plans  call  for  merging  the  technologies  for 
DNC  and  factory  local  area  networks  to  achieve  a  three  level  communi- 
cations architecture.     The  network  will  manage  the  operation  of  200 
machine  tools. 

FOR  ADDITIONAL  INFORMATION:     Gaylen  Fischer,  AMXIB-PS,  Pro- 
duction Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-3682. 
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Electroformed  Aspheric  Metal  Mirror 


Optical  guidance  systems  utilize  mirrors  with  complex  geometric  forms 
and  very  thin  cross  sections.     Efforts  in  the  past  have  not  been  pursued 
to  manufacture  these  mirrors  with  acceptable  optical  quality  at  a  rea- 
sonable cost.     The  current  method  of  producing  optical  quality  metal 
mirrors  is  an  expensive,   labor  intensive  diamond  turning  process  followed 
by  a  hand  polishing  operation. 

The  objectives  of  this  project  were  three-fold:     (1)  to  develop  a  process 
for  electroforming  mirror  surfaces  that  are  suitable  for  use  as  secondary 
electroforming  mandrels;  (2)  to  develop  a  process  to  simultaneously 
electroform  several  mirrors  in  a  single  tank  to  increase  production 
throughput;  and  (3)  to  demonstrate  the  capability  of  electroform  to 
produce  working,  precision  systems  by  electroforming  a  functional, 
self-aligning,  two  mirrored  (Cassegrain),  optical  system.     All  project 
objectives  were  met  with  the  following  capabilities  of  the  electroform 
process  developed/demonstrated:     (1)  electroforming  of  a  telescope 
primary  mirror  directly  to  a  stray  light  baffle,  eliminating  post  process 
machining  and  assembly;  (2)  electroforming  of  the  Cassegrain  telescope 
centration  and  focus  alignment  surfaces  as  part  of  the  optic,  assuring 
perfect  match  of  the  optical  axes  and  eliminating  costly  system 
alignment  procedures;  (3)  electroforming  of  several  secondary  mandrels 
from  one  primary  mandrel  to  produce  imaging  quality  mirrors,  thereby 
increasing  the   master  mandrel  yield  ten-fold  (150  vs   15  mirrors)  and 
dramatically  reducing  refurbishment/replacement  costs;   (4)  electroforming 
five  3-inch  diameter  mirrors  simultaneously  in  a  single  tank  to  increase 
production  throughput.     The  pure  nickel  optics  produced  were  stress 
free  and  exhibited  good  imaging  qualities  (better  than   1    wave  PV  at 
1.06  um  and  .2  wave  RMS),  excellent  surface  quality  (better  than   1    nm 
RMS  at  .633  um),  and  the  ability  to  survive  harsh  environments 
(temperature  cycling  from  -30  degrees  Celsius  to  +50  degrees  Celsius, 
5g  random  vibration  testing  per  MIL-STD  81 0C,  and   1 1  2g  acceleration 
testing)  without  optical  degradation. 

FOR  ADDITIONAL  INFORMATION:     Mr.  Robert  Hellem,  AMXIB-PG, 
Production  Engineering  Division,  U.S.  Army    Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 
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Flexible  Machining  System  Pilot  Line  for  Tracked 
Combat  Vehicle  Components 


Flexible  Manufacturing  Systems  (FMS)  offer  the  opportunity  to  capitalize 
on  the  economy  of  mass  production  without  sacrificing  the  flexibility  of 
general  purpose,  stand-alone  equipment.     The  FMS  concept  integrates 
three  primary  elements:     Work  stations,   material  transport,  and  automatic 
control. 

The  overall  objective  of  this  five  phase  project  was  to  reduce  the  risks 
associated  with  implementing  and  operating  an  FMS.     Working  on 
coordination  with  Hughes  Aircraft,  FMC  Corporation,  General  Electric 
Company,  and  Rock  Island  Arsenal,  a  five  volume  buyer/user  handbook 
was  prepared.     Over  600  copies  of  the  handbook  were  requested  and 
distributed  to  industry.     A  series  of  decision  support  computer  software 
programs,  supplementing  the  handbook,  offer  the  means  to  design, 
evaluate,  simulate,  and  optimize  an  FMS.     Three  major  universitys  have 
used  the  results  of  this  project  for  the  instruction  of  graduate  engineers. 
Two  companies,  FMC  and  Hughes,  have  each  set  up  an  FMS  using  the 
engineering  and  economic  decision  tools  provided  by  this  project. 

FOR  ADDITIONAL  INFORMATION:     Gaylen  Fischer,  AMXIB-PS,  Production 
Engineering  Division,  U.S.  Army  Industrial  Base  Engineering  Activity,  Rock 
Island,  IL  61299-7260;  (309)  782-3682. 
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Military   Plasma   Panel 


Automated  methods  and  techniques  needed  to  be  developed  to  produce 
consistent  plasma  display  panels.     These  techniques  included  automated 
methods  for  spacing,   sealing,  electrode  and  dielectric  deposition,  as  well 
as  the  incorporation  of  in-line  processing  techniques. 

Efficient  manufacturing  methods  and  techniques  were  developed  to 
produce  reliable  plasma  panel  displays.     This  project  provided  manu- 
facturing and  process  control  technology  needed  to  replace  expensive 
and  unreliable  manual  methods  with  cost  saving  automatic  technology. 

Technical  improvements  in  the  processes,  including  the  sputtering  of  thin 
films  for  the  dielectric  layer  and  the  use  of  electrode  materials  other 
than  gold,   resulted  in  a  brighter  more  transparent  panel  map  overlay.     A 
glass  seal  reduced  the  possibility  of  organic  contamination,  and  improved 
yields. 

A  manufacturing  facility  was  developed  for  semi-automated  wet 
chemistry;  for  example,  glass  cleaning,  photo-resist  application,  and 
development.     Microprocessor  control  of  thin  film  deposition,  seal, 
and  gas  fill  equipment  allow  high  yield,  responsible  cost  panel 
fabrication. 

A  valuable  contribution  has  been  made  to  the  production  of  military 
plasma  panel  displays  by  combining  the  advantage  of  a  thin  film  panel 
with  a  semi-automation  production  facility  in  a  class   100  clean  room 
environment.     Panel  design  and  fabrication  techniques  were  developed 
and  presented  in  the  final  report. 

FOR  ADDITIONAL  INFORMATION:  R.  Kool,  AMXIB-PA,  Production 
Engineering  Division,  U.S.  Army  Industrial  Base  Engineering  Activity, 
Rock  Island,  IL  61299-7260;  (309)  782-6226. 
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Pilot    Automated  Shop  Loading  and  Control 
System  -  CAM 


Shop  loading  and  control  functions  traditionally  were  the  combined 
responsibility  of  production  control  personnel  and  shop  superintendents. 
As  work-in-process  arrived  in  a  production  department,  manual  methods 
were  used  to  order  tooling,  to  select  a  machine  tool  and  its  operator, 
and  to  maintain  other  information  about  the  workpiece.     Manual 
methods  could  not  react  to  the  Arsenal's  constantly  changing  workload. 
An  effective  system,  one  that  would  be  more  responsive  to  schedule 
changes,  was  needed  to  assure  optimum  utilization  of  resources. 

The  project  objective  was  to  establish  and  install  a  computer-based 
system  capable  of:     simulating  the  progress  of  a  workpiece  as  it 
passes  through  the  shop;  predicting  job  completion  dates;  denoting 
bottlenecks;  depicting  overloaded  and  underloaded  work  centers;  and, 
assessing  the  impact  of  new  workload,  revised  schedules  and  changed 
priorities. 

In  full  operation  since   1982,  the  automated  system  employs  five  modules: 

*  A  data  base  including  part  description,  bills  of  material  and 
manufacturing  process  and  routing  information. 

*  A  planning  and  scheduling  module  for  determining  time-phased 
material  requirements  and  for  suggesting  ordering  actions  for  both 
manufactured  and  purchased  components. 

*  A  module  to  process  and  maintain  the  status  of  customer  orders, 
inventory,  shop  orders,  and  purchase  orders. 

*  A  module  to  report  summarized  labor  and  process  cost  activity, 
provide  estimates,  and  allocate  costs  for  combined  orders  back  to 
individual  customers. 

*  A  module  used  to  develop  end  item  master  production  schedules. 

This  project  improved  estimating,  fund  control,  configuration  control, 
quality  reporting,  material  planning,  scheduling,  and  capacity  planning. 
Reduced  planning  lead  time  is  another  benefit.     The  system's  major 
limitation  is  the  batch  processing  mode  of  operation.     An  upgrade  to 
an  on-line  environment  is  being  planned. 

FOR  ADDITIONAL  INFORMATION:     Gaylen  Fischer,  AMXIB-PS, 
Production  Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-3682. 
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New  Way  to  Rework  Scrapped  Turbine  Blades 


A  team  of  researchers  at  the  Naval  Research  Laboratory  (NRL)  working 
with  Naval  Air  Systems  Command  (NAVAIR)  has  demonstrated  that  a  hot 
isostatic  pressing  (HIP)  technique  can  rejuvenate  certain  turbine  blades 
that  have  been  rejected  from  service.     After  the  blades  are  rejuvenated, 
they  can  be  reused,  thus  saving  the  Navy  millions  of  dollars  in  repair  or 
replacement  costs. 

The  NRL-developed  HIP  process  is  currently  being  field-tested  in  co- 
operation with  the  Norfolk  Naval  Air  Rework  Facility  (NARF),  Chromalloy 
Division,   Oklahoma,  and  Pratt  and  Whitney  Aircraft  Corp.,  Government 
Products  Division,   West  Palm  Beach,  Florida.     Once  certified,  the  tech- 
nique can  be  used  to  process  rejected  turbine  blades  for  reuse  in  jet 
aircraft  engines  currently  used  in  the  Navy's  F-14s  and  A-7s,   thereby 
reducing  replacement  costs  and  downtime. 

Gas  turbine  blades  are  made  from  high  strength  nickel  base  alloys  called 
superalloys,  which  are  cast  to  the  final  shape  from  a  molten  alloy.     The 
casting  process  invariably  leaves  internal  shrinkage  pores  that  can  weaken 
the  blades  and  contribute  to  their  premature  failure  or  early  retirement 
from  service.     In  previous  investigations,   the  NRI_Vesearch  team  suc- 
cessfully demonstrated  that  the  HIP  technique  can  be  used  to  close  this 
porosity  and  thus  extend  the  life  of  blades.     It  has  also  been  shown  that 
the  life  of  new  (virgin)  blades  can  be  improved  significantly  using  this 
technique. 

Because  they  are  subjected  to  high  temperatures  and  loads  during  service, 
turbine  blades  undergo  deformation  called  "creep"  and  develop  additional 
porosity.     Creep  causes  blades  to  stretch.     Once  they  exceed  their  design 
stretch  limits,  they  are  removed  from  service. 

Based  on  their  prior  success  of  closing  casting  porosity  in  certain  virgin 
blades,   NRL  scientists  explored  the  use  of  the  HIP  technique  as  a  means 
not  only  to  close  the  creep-induced  porosity  but  also  to  alter  the  micro- 
structure  of  the  casting  to  improve  the  strength  of  the  blades. 

In  the  HIP  process,  the  blades  are  subjected  to  a  high  temperature  and 
hydrostatic  pressure  (25,000  psi),  which  causes  the  internal  pores  of  the 
blade  to  collapse  and  heal  without  significantly  affecting  the  blade's 
dimensions.     The  research  team  has  demonstrated  that,  by  the  proper 
selection  of  HIP  conditions,  the  rejected  blades  can  be  made  superior 
in  strength  even  to  their  replacement  virgin  blades. 

The  optimum  HIP  condition  selected  was  based  on  the  fundamental  under- 
standing of  the  interrelation  between  microstructure  and  creep  strength, 
and  creep  rupture  data  derived  from  extensive  studies  of  specimens 
machined  from  blades. 
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In  addition  to  developing  proper  HIP  conditions  for  rejuvenation  of  scrap 
blades,   the  team  has  also  established  the  number  of  times  the  rejuvenation 
by  HIP  can  be  effectively  accomplished  and  determined  the  maximum 
strain  limits  beyond  which  rejuvenation     is  not  possible.     This  maximum 
strain  limit  provides  necessary  guidelines  for  NARF  units  to  eliminate 
unrepairable  blades  form  scrap. 

In  field  evaluations,  several  blades  were  HIP-processed  according  to  NRL 
specifications  by  Chromalloy  and  engine-tested  by  Pratt  and  Whitney. 
These  blades  are  currently  being  evaluated  in  consultation  with  the  NRL 
research  team.     Once  the  technique  is  accepted,  it  will  be  applied  to 
new  Navy  specifications  for  the  refurbishment  of  military  engine 
turbine  blades. 

Due  to  the  success  of  this  program,   the  NRL  team,  under  the  spon- 
sorship of  NAVAIR  and  in  close  cooperation  with  NARF  of  Norfolk 
and  Cherry  Point,  is  exploring  the  possibility  of  using  the  HIP  pro- 
cess to  improve  the  other  Navy  jet  engines  and  for  the  restoration 
of  turbine  disks,  another  critical  engine  component. 

FOR  ADDITIONAL  INFORMATION:     Backup  material  on  this  effort 
is  available  from:     Navy  Domestic  Technology  Fact  Sheet  Reader 
Reply  Service,  Code  E211,  Naval  Surface  Weapons  Center,  Dahlgren, 
VA  22448-5000;  (703)  663-8921.     Refer  to  121203/TN. 
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Technology  Application 


Oxynitride  Braze  Method  for  Joining  Silicon  Nitride 
Ceramics 


Structural  ceramics  are  potential  substitutes  for  strategic  and/or  critical 
materials.     However,   many  potential  structural  ceramic  applications 
require  components  that  are  too  intricate  or  too  large  to  be  fabricated 
by  existing  techniques.     An  invention  is  a  method  for  joining  silicon 
nitride  ceramics  to  produce  large  parts  and/or  parts  that  have  complex 
geometries  in  which  the  high  temperature   mechnical  properties  of  the 
joined  part  are  comparable  to  that  of  the  original  ceramic  components. 
For  certain  applications,  e.g.,  aerospace,   2ngines,  chemical  processing, 
ceramic  parts  and  complex  shapes  are  preferred  to  metals.     Reasons 
include:     increased  service  operating  temperature?,   greater  strength 
and  increased  corrosion  resistance  at  the  higher  temp-ratures,  greater 
thermodynamic  efficiency  in  energy  conversion  device^,    lower  density 
and,  therefore,  lower  inertia,  lower  cost  of  raw  materials,  and  con- 
servation of  possibly  strategic  and/or  critical  materials  in  some 
applications.     Structural  ceramics  are,  however,  difficult  to  form  in 
either  larger  size  parts  or   in  complex  geome.ri:^  b-  c  iuse  the  forming 
process  usually  requires  some  combination  of  high  temperature  and 
high  structural  integrity  and  thermodynamic  qualities   of  the  ceramic 
is  needed  to  produce  the  larger  and/or  more  complex  shapes  required 
in  many  applications.     The  oxynitride  braze  method  for  joining  silicon 
nitride  ceramics  presented  here  has  been  demonstrated  to  be  an 
effective  joining  technique  using  either  a  hot  isostatic  press  or  a 
graphite  resistance  furnace  with  small  nitrogen  overpressure.     In  this 
process,  oxynitride  glass  brazes  are  used  to  join  silicon  nitride  ceramics. 
The  glasses  uses  are  comparable  in  composition  to  the  grain  boundary 
phase  present  in  the  ceramic  pieces  that  results  from  the  densification 
process  used  to  consolidate  the  silicon  nitride  powders.     Because  the 
braze  material  is  analogous  to  the  grain  boundary  phase,   the  method  has 
produced  joints  with  mechanical  properties  comparable  to  the  silicon 
nitride  ceramic  at  temperatures  as  high  as   1100°C  —  an  advantage  of 
300°C-400°  over  currently  used  joining  methods.     The  oxynitride  glass 
brazing  technique  is  applicable  to  the  commercially  available  range  of 
silicon  ceramics. 

FOR  ADDITIONAL  INFORMATION:     Dr.  Jane  Welch,  ORTA,  Idaho 
National  Engineering  Laboratory,  PO  Box  1625,   Idaho  Falls,  ID  83415; 
(208)  526-8318.     Refer  to  DOE/INEL-034. 
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Assuring  Precise  LFC-Suction-Strip  Porosities 

A  masking  technique  is  used  in  bonding  perforated  titanium  sheets  to  substructures. 


A  technique  has  been  developed  to  ob- 
tain precise  control  of  the  widths  of  per- 
forated titanium  suction  strips.  This  preci- 
sion is  required  for  successful  laminar-flow 
control  (LFC)  in  flight  environments.  The 
exact  strip  widths  must  be  maintained  to 
achieve  design  suction  porosities  through- 
out fabrication  processes. 

During  bonding  of  the  perforated  skins  to 
trapezoidal  fluted  composite  substructures, 
the  skins,  with  electron-beam-perforated 
holes  [0.0025-in.  (0.064-mm)  diameter  and 
0.025-in.  (0.64-mm)  center  distances,  typi- 
cal], are  exposed  to  harsh  etching  solu- 
tions. Also,  in  the  bonding  of  the  composite 
pads  with  adhesive  films  to  the  skins  and 
substructures,  high  temperatures  and 
pressures  occur  during  the  autoclave  cur- 
ing cycles,  possibly  causing  resin  and  ad- 
hesive to  flow  and  wick  into  the  perforated 
holes.  Thus,  the  fabrication  processes  that 
are  needed  for  strong  bond  lines  can  be 
detrimental  to  the  porosities  of  the  LFC 
panel  suction  strips  because  these  proc- 
esses result  in  unpredictable  margins  and 
changes  in  hole  sizes. 

Two  masking  techniques  were  devel- 
oped to  maintain  the  design  suction  poros- 
ities throughout  the  panel-fabrication  proc- 
esses. Prior  to  the  use  of  these  techniques, 
the  porosities  of  the  test  regions  were 
mapped,  and  the  suction  flow  as  a  function 
of  pressure  was  measured  and  plotted  for 
comparison  with  the  results  achieved  after 
fabrication. 


In  the  more  successful  of  the  two 
methods,  the  test  area  was  masked  with 
Mylar®  polyethylene  terephthalate  tape 
over  the  suction  strips  0.250  in.  (6.4  mm) 
wide.  The  bonding  lands  were  then  taped, 
leaving  0.050-in.  (1.3-mm)  gaps  to  the 
taped  suction  regions.  The  gaps  and  the 
0.250-in.  (6.4-mm)  taped  suction  regions 
were  then  coated  with  two  heavy  coats 
[0.005-in.  (0.13-mm)each]of  maskant.  With 
the  maskant  semicured,  the  bonding-land 
tape  was  amoved.  The  final  masking  oper- 
ation was  to  tape  the  back,  or  airfoil,  sur- 
face 100  percent.  After  these  precise 
masking  operations,  the  perforated  titani- 
um test  sheet  was  processed,  and  com- 
posite pads  were  bonded  between  the  suc- 
tion strips  of  the  test  sheet  by  autoclave 
using  an  adhesive  film. 

Visual  examination  of  the  test  area 
showed  that  very  little  etchant  solution 
penetrated  the  0.050-in.  (1  3-mm)  maskant 
gaps.  The  flowing  and  wicking  of  resin  and 
adhesive  were  also  isolated  from  the 
porous  strips.  These  protective  maskant 
margins  prevented  any  visual  changes  in 
the  critical  porous  suction  strips  0.250  in. 
(6.4  mm)  wide.  [Suction  strips  on  flight  ar- 
ticles could  vary  from  0.10  to  0.60  in.  (2.5  to 

15.2  mm)  by  use  of  the  same  methods.] 
Subsequent  suction-test  results  verified 
the  visual  inspections.  The  porosity  of  the 
test  area  after  fabrication  showed  a  very 
slight  decrease,  which  was  within  a  range 
that  could  be  accounted  for  by  normal 


tolerances  and  misalignments  of  equip- 
ment of  the  test  console. 

This  work  was  done  by  Frank  H. 
Gallimore  of  McDonnell  Douglas  Corp.  for 
Langley  Research  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel.  Langley  Re- 
search Center  Refer  to  LAR-13638,  /TN 

Langley  Research  Ctr. 

Technology  Utilization 
Officer:  John  Samos 
Mail  Stop  139A 
Hampton,  VA  23665 
(804)  865-3281 
Patent  Counsel 
George  F  Heltnch 
Mail  Code  279 
Hampton,  VA  23665 
(804)  865-3725 
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Carbon  Coating  of  Copper  by  Arc-Discharge  Pyrolysis 

An  adherent,  abrasion-resistant  coat  is  deposited  with  existing  equipment. 


Carbon  is  a  material  that  has  an  intrinsic 
ability  to  suppress  the  emission  of  second- 
ary electrons  and  to  reduce  reflections  of 
primary  electrons.  Such  electron-beam  de- 
vices as  multistage  depressed  collectors 
have  electrodes  that  are  commonly  made 
of  copper,  a  material  that  has  secondary 
emission  much  higher  than  that  of  carbon. 
If  a  practical  method  can  be  found  to  apply 
an  adherent  carbon  coating  on  such  cop- 
per electrodes,  the  overall  efficiencies  of 

microwave  traveling-wave-tube  amplifiers 
with  multistage  depressed  collectors  can 
be  increased  by  approximately  10  percent. 
Since  carbon  is  also  very  efficient  in  ab- 
sorbing and  emitting  radiant  energy,  there 
also  may  be  thermal  applications  for  such 
carbon-coated  copper. 

Carbon  can  be  formed  and  deposited  as 
a  coating  on  a  copper  substrate  by  the  py- 
rolysis of  hydrocarbon  oil  in  electrical-arc 
discharges.  The  following  description  is  a 

simplified  explanation  of  the  process:  The 
workpiece,  which  is  the  copper  material  to 
be  coated  with  carbon,  serves  as  the 
anode.  A  carbon  cathode  shaped  to  the 
same  contours  as  those  of  the  workpiece 
is  placed  in  close  proximity  to  the  work- 
piece  to  provide  the  necessary  spark  gap. 
Both  electrodes  are  submerged  in  a  dielec- 
tric oil,  which  fills  the  spark  gap.  Repetitive 
pulses  of  sufficient  voltage  to  cause  dielec- 
tric breakdown  of  the  oil  are  applied  at  a 
rate  of  about  10,000/s. 

The  intensity  of  the  arc  energy  released 
in  the  dielectric  breakdown  causes  local- 
ized heating  of  the  oil  to  temperatures  be- 
lieved to  be  in  the  range  of  15,000  to 
20,000  °F  (8,000  to  11,000  °C).  As  a  result, 


the  oil  is  pyrolyzed.  The  byproducts  of  the 
decomposition  are  carbon  (part  of  which  is 
deposited  on  the  copper)  and  other  sub- 
stances, including  hydrogen  and  gaseous 
hydrocarbons.  The  electrical  discharge 
also  superficially  melts  the  copper  and 
forms  a  lightly  eroded  or  pitted  surface  that 
serves  the  useful  function  of  anchoring  or 
firmly  holding  the  deposited  carbon.  The 
copper  is  subjected  to  localized  heating 
only  in  the  vicinity  of  the  arc  discharges. 
The  entire  copper  workpiece  may  get 
warm  but  is  not  likely  to  reach  a  tempera- 
ture high  enough  to  cause  warping  and 
deformation. 

This  easy  and  practical  technique  for 
producing  carbon  deposits  on  copper  can 
be  accomplished  with  electrical-discharge- 
machining  equipment  normally  used  for 
cutting  metals.  However,  for  the  genera- 
tion of  a  carbon  coating,  the  operating 
parameters  must  be  changed  and  opti- 
mized to  deposit  an  adherent  carbon  film 
while  removing  the  least  amount  of  the 
copper.  Excluding  the  setup  time,  a  typical 
copper  electrode  can  be  coated  in  a  few 
minutes. 

For  electron-beam  applications,  which 
require  extreme  cleanliness,  high-purity 
carbon  electrodes  and  a  purified  grade  of 
dielectric  oil  were  used  in  a  test  of  the  new 
coating  technique.  In  addition,  the  coated 
hardware  was  cleaned  by  repeated  rinsing 
in  an  ultrasonically  agitated  bath  of  solvent, 
then  purified  and  degassed  at  550  °C  in  an 
ultra-high-vacuum  chamber. 

The  carbon  film  adheres  well  to  the  cop- 
per substrate  and  resists  ordinary  scuffing 
and  abrasion  due  to  handling.  This  is  due  to 
the  pitted  surface  structure  of  the  copper, 


in  which  the  carbon  fills  the  tiny  cavities, 
and  much  of  the  carbon  lies  below  the 
planar  portion  of  the  surface. 

Other  potential  applications  for  the  new 
coating  technique  include  the  following: 
solar-energy-collecting  devices,  the  coat- 
ing of  metals  other  than  copper  with  car- 
bon, and  the  carburization  of  metal  sur- 
faces. In  addition,  the  concentrated  energy 
of  the  arc  might  be  used  in  combination 
with  a  suitable  catalyst  to  bring  about  not 
only  decomposition  but  also  chemical 
changes  to  various  inorganic  and  organic 
compounds.  Applications  may  be  found  for 
the  manufacture  of  unusual  chemicals  or 
for  the  detoxification  of  dangerous  chemi- 
cals by  the  production  of  temperatures  not 
reachable  by  ordinary  means. 

This  work  was  done  by  Ben  T.  Ebihara 
and  Stanley  Jopek  of  Lewis  Research 
Center.  No  further  documentation  is 
available. 

This  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive  li- 
cense for  its  commercial  development 
should  be  addressed  to  the  Patent  Coun- 
sel, Lewis  Research  Center 
Refer  to  LEW-14454./TN 

Lewis  Research  Center 

Technology  Utilization 
Officer  Daniel  G  Soltis 
Mail  Stop  7-3 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)433-5567 
Patent  Counsel 
Gene  E  Shook 
Mail  Code  301-6 
21000  Brookpark  Road 
Cleveland,  OH  44135 
(216)433-5753 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757. 
BWI  Airport,  MD  21240;  (301)  621-0100  Exl.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


802 


IWVSATech  Brief 

National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Ink-Jet  Printer  Forms  Solar-Cell  Contacts 

Contacts  are  formed  in  controllable  patterns  with  metal-based  inks. 


A  developmental  ink-jet  printing  system 
forms  upper  metal  contact  patterns  on  sili- 
con photovoltaic  cells.  The  system  uses 
metallo-organic  ink,  which  decomposes 
when  heated,  leaving  behind  a  metallic, 
electrically  conductive  residue  in  the  print- 
ed area. 

A  cell  to  be  printed  is  placed  on  an  x-y 
positioning  table  beneath  the  printing  head. 
The  movement  of  the  table  and  the  pulses 
that  command  the  printing  head  to  squirt 
small  drops  of  ink  are  coordinated  through 
a  digital  data-processing  system  to  form 
the  specified  contact  pattern. 


The  system  (see  figure)  is  controlled  by 
a  personal  computer  that  acts  alone  or  in 
communication  with  a  mainframe  comput- 
er. The  personal  computer  will  be  used  to 
create  and  edit  programs  that  will  display 
contact  patterns  on  a  color  cathode-ray 
tube  to  facilitate  design.  When  a  design  is 
acceptable,  the  personal  computer  will 
feed  programs  to  a  microcomputer  for 
almost  instantaneous  printing  of  the  pat- 
tern. 

The  microcomputer  contains  2K  of  elec- 
trically-programmable read-only  memory, 
4K  of  random-access  memory,  and  both 
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Digital  Printing-Head-Control  Circuits  establish  the  contact  pattern,  which  is  then  deposited 
in  the  form  of  metallo-organic  ink. 


serial  and  parallel  pons.  Machine-code 
programs  for  general  operation  of  the 
system  and  specific  contact  patterns  are 
transmitted  from  the  personal  computer  to 
the  microcomputer  through  the  serial  port. 
The  microcomputer  translates  the  re- 
ceived programs  into  control  signals  for 
the  printing-head  and  positioning-table 
control  units. 

The  printing-head  control  unit  includes  a 
group  of  pulse  drivers  and  switches  to  se- 
lect 1  or  more  of  12  nozzles  in  the  printing 
head.  This  unit  also  includes  circuits  that 
set  the  durations  and  amplitudes  of  the  ink- 
jet-triggering  pulses  to  the  specified 
values.  These  pulses  are  sent  to  the  print- 
ing-head driver  on  the  printing-head/posi- 
tioning-table  assembly. 

The  positioning-table  control  unit  in- 
cludes the  indexing-  and  driving-circuit 
boards  for  both  the  x  and  y  axes.  The  index- 
ing-circuit  boards  receive  information  on 
movements  from  the  microcomputer  in 
parallel  fashion  and  respond  by  sending 
control  signals  to  the  driving-circuit  boards, 
which  are  connected  to  the  stepping 
motors  of  the  x-y  table.  The  information 
from  the  indexing  boards  is  also  sent  to  the 
position  indicator,  which  gives  the  position 
along  each  axis  in  a  4-digit  display. 

The  printing-head/positioning-table  as- 
sembly contains  the  supply  of  ink  and  its 
pressure-control  system,  a  controllable 
heater  for  the  platform  on  the  table,  and  the 
printing-head  driver,  which  generates  the 
large  pulses  necessary  to  actuate  the 
piezoceramic  drivers  in  the  printing  head. 
The  system  can  print  a  pattern  as  large  as 
2  in.  (5  cm)  square.  !n  experiments,  the 
system  has  produced  contact  patterns 
that  yield  cell  efficiencies  (in  the  absence 
of  antireflection  coatings)  of  8  to  9  percent. 

This  work  was  done  by  Paul  Alexander, 
Jr.,  of  Caltech  and  R.  W.  Vest,  Don  A. 
Binford,  and  Eric  P.  Tweedell  of  Purdue 
University  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17172  /TN 
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Robot  Gripper  With  Signal  Processing 

A  single-chip  computer  and  sensor-circuit  chips  preprocess  sensor  data. 


A  gripping  pad  for  a  robot  arm  contains 
its  own  sensors  and  signal-processing  cir- 
cuits. It  communicates  with  the  robot  con- 
troller through  a  pair  of  wires  or  optical 
fibers.  The  self-contained  circuitry  com- 
bines the  sensor  signals  for  serial  digital 
transmission  so  that  large,  heavy,  vulner- 
able, multiple-wire  cable  is  unnecessary. 
Housed  within  the  gripper,  the  circuitry  is 
protected  from  damage  and  from  electro- 
magnetic interference. 

The  gripper  is  a  pair  of  hollow  boxlike 
pads  with  orthogonal  V-shaped  grooves  in 
the  gripping  faces  (see  Figure  1).  It  can 
grasp  round,  oval,  square,  or  flat  objects  in 
either  of  two  orientations  with  respect  to 
the  gripper  axis.  The  flat  faces  accom- 
modate flat  pieces  like  sheet-metal  parts; 
the  grooves  can  hold  such  objects  as  a 
screwdriver  on  a  bar. 

Sensing  devices  are  positioned  in  cavi- 
ties in  the  grooves,  on  the  flat  pads,  and  on 
the  edges  of  the  gripper.  Optical  proximity 
sensors  in  the  grooves  yield  information  for 
centering  the  object  and  guiding  the  grip- 
per in  its  final  approach  and  closure.  Addi- 
tional sensors  in  the  groove  detect  slip- 
page of  the  object  so  that  the  robot  can 
tighten  its  grip  if  necessary.  Proximity  sen- 
sors on  the  gripper  edges  look  outward, 
sensing  obstacles  around  the  hand.  The 
sensors  yield  signals  to  prevent  collisions 
and  guide  the  gripper  in  channels  or 
recesses.  Touch  sensors  on  the  grooves 
and  flats  indicate  when  the  gripper  has 
made  contact  with  the  object. 

A  single-chip  programmable  computer 
and  integrated-circuit  chips  in  the  gripper 
cavities  filter,  condition,  and  process  the 
sensor  data  (see  Figure  2).  Because  sen- 
sor signals  travel  only  a  few  centimeters  to 
the  chips  rather  than  the  length  of  the  robot 
arm,  they  are  subjected  to  little  delay  and 
interference.  Preprocessing  in  the  gripper 
reduces  the  load  on  the  main  robot  com- 
puter. Sensor  data  are  sent  to  the  main 
robot  computer  on  a  single  digital  serial 
communication  line  from  the  single-chip 
computer.  Provided  with  programs  and 
sensor-calibration  data  from  the  main 
computer,  the  gripper  could  do  simple 


Figure  1.  Gripping  Surfaces  Are  Crossed  With  Grooves  for  grasping  differently  shaped  ob- 
jects. The  gripper  cavities,  one  of  which  is  visible  in  the  left  member,  will  house  the  sensors 
and  preprocessing  circuitry. 


Microprocessor 


Optical 
Sensors 


Figure  2.  The  Sensors  and  Preprocessing  Circuitry  In  the  robot  gripper  reduce  the  amount  of 
data  that  must  be  transmitted  between  the  robot  controller  and  the  gripper.  Placement  in  the 
gripper  also  reduces  signal  delays  and  vulnerability  to  electromagnetic  interference. 
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tasks  on  its  own  or  with  only  a  little  supervi- 
sion. The  gripper  could  also  maintain  a 
constant  slip-free  grip  on  an  object  without 
crushing  it. 

The  gripper  cavity  can  be  designed  so 
that  when  circuit  boards  are  inserted  in  its 


sockets  sensors  would  simultaneously  be 
positioned  in  sockets.  A  removable  protec- 
tive plate  covers  the  cavity.  These  features 
simplify  the  assembly  of  the  gripper  and 
make  it  easy  to  remove  and  replace  circuit 
modules. 


This  work  was  done  by  Richard  R.  Killion 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.   NPO-16977 /TN 
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Piezoviscosity  in 
Lubrication  of 
Nonconformal  Contacts 

Developments  in  the 
theory  of  lubrication 
are  reported. 

A  NASA  technical  memorandum  pre- 
sents an  analysis  of  the  piezoviscous-rigid 
regime  of  lubrication  of  two  ellipsoidal  con- 
tacts. Earlier  studies  have  yielded  incor- 
rect estimates  of  the  minimum  thickness  of 
the  film  of  lubricating  fluid,  either  because 
they  have  not  considered  the  effect  of  the 
perpendicular  force  between  the  contacts 
or  because  they  used  an  oversimplified 
equation  for  the  dependence  of  the  viscosi- 
ty of  the  lubricant  upon  the  pressure. 

The  analysis  begins  with  the  Reynolds 
equation  for  point  contact.  The  Reynolds 
equation  is  nondimensionalized  using  the 
Roelands  empirical  formula  for  the  viscosi- 
ty of  a  general  lubricant  as  a  function  of  the 
pressure  and  the  Dowson  and  Higginson 
formula  for  the  dimensionless  density  of 
mineral  oil  as  a  function  of  the  pressure. 
Subject  to  the  Reynolds  cavitation  bounda- 
ry condition,  the  Reynolds  equation  is 
solved  numerically. 

Solutions  are  obtained  for  a  full  spec- 
trum of  conditions  to  find  the  effects  of  the 


dimensionless  load,  the  speed,  the  param- 
eters of  the  lubricated  and  lubricating 
materials,  and  the  angle  between  the  di- 
rection of  rolling  and  the  direction  of  en- 
trapment of  lubricant.  The  dimensionless 
speed  parameter  is  varied  over  a  range  5.6 
times  its  lowest  value.  The  dimensionless 
load  parameter  is  varied  over  an  order  of 
magnitude.  To  obtain  the  exponent  in  the 
dimensionless  material  parameter,  condi- 
tions representative  of  the  use  of  contacts 
of  steel,  bronze,  and  silicon  nitride  and  of 
lubricants  of  paraffinic  and  naphthenic 
mineral  oils  are  considered. 

Altogether,  41  cases  are  used  to  obtain  a 
formula  for  the  minimum  thickness  of  the 
lubricating  film: 

H0  =  178G0386L/1-266  W"0880 

[1-exp(- 0.0387a)] 
where  H0  is  the  dimensionless  central  film 
thickness,  G  is  a  dimensionless  material 
parameter  related  to  the  elastic  moduli  of 
the  contacts  and  the  asymptotic  isovis- 
cous  pressure,  U  is  the  dimensionless 


speed  parameter,  W  is  the  dimensionless 
load  (that  is,  perpendicular  contact  force) 
parameter,  and  a  is  a  ratio  of  equivalent 
contact  radii.  In  addition,  contour  plots 
show  the  pressure  in  the  lubricating  film 
between  the  contacts. 

This  work  was  done  by  Yeau-Ren  Jeng 
and  Bernard  J.  Hamrock  of  Lewis  Re- 
search Center  and  David  E.  Brewe  of  the 
U.S.  Army  Aviation  Research  and  Technol- 
ogy Activity  —  AVSCOM.  Further  informa- 
tion may  be  found  in  NASA  TM-87141 
[N8&21797/NSP],  "Piezoviscous  Effects  in 
Nonconformal  Contacts  Lubricated  Hy- 
drodynamically " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700.  [A03] 
LEW-14589/TN 
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Sizing  Dye-Penetrant  Indications  of  Defects 

Sizes  of  cracks  and  holes  viewed  through  a  borescope  can  be  measured. 
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Pictures  of  Defects  as  they  appear  after  treatment  with  a  penetrating  dye  can  be  used  to  determine  the  sizes  of  real  defects  viewed  through  a 
borescope.  The  pictures  let  the  inspector  take  the  viewing  angle  into  account. 


A  reference  chart  makes  it  possible  to 
estimate  the  sizes  of  borescope-observed 
defects  that  are  on  the  inner  walls  of  tubes 
or  are  otherwise  hidden.  The  chart  can  be 
used  both  for  round  defects  like  pits  or 
pores  and  for  elongated  ones  like  cracks. 

Intended  for  use  in  dye-penetrant  in- 
spection, the  chart  contains  pictures  of  14 
cracks  and  7  round  defects  as  they  appear 
after  a  penetrant  dye  has  been  applied  to 
them  (see  figure).  The  linear  defects  range 
in  size  from  0.031  to  2  inches  (0.787  to  50.8 
millimeters)  and  the  round  ones  from  0.031 
to  0.5  inch  (0.787  to  12.7  millimeters). 

To  use  the  chart,  an  inspector  focuses 
the  borescope  on  a  defect  so  that  the  de- 
fect image  fills  the  borescope  window  or,  if 
that  is  not  possible,  so  that  it  fills  half  the 


window.  Keeping  the  instrument  at  the 
same  focus,  the  user  withdraws  it  from  the 
part  and  places  its  objective  lens  facing  the 
chart  at  the  same  angle  at  which  the  defect 
was  viewed.  The  inspector  moves  the 
borescope  from  picture  to  picture,  looking 
for  the  image  that  most  nearly  fills  the 
borescope  window  (or  half  the  window). 
The  size  of  that  picture,  as  indicated  on  the 
chart,  is  approximately  the  size  of  the  inter- 
nal defect. 

For  added  realism,  the  color  of  the 
penetrant  dye  is  duplicated  on  the  chart. 
On  the  original  chart,  for  example,  the  pic- 
tures were  red  to  match  the  Accu-Pen  P&R 
(or  equivalent)  penetrant  dye  used  to  in- 
spect hidden  surfaces  in  rocket-engine 
parts.  Any  other  color,  including  that  of 


fluorescent  yellow-green  penetrants,  can 
be  duplicated. 

This  work  was  done  by  Orlando  G. 
Molina  of  Rockwell  International  Corp.  for 
Marshall  Space  Right  Center.  No  fur- 
ther documentation  is  available. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
MFS-29216./TN 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 


Patent  Counsel: 
Leon  D   Wofford.  Jr. 
Mail  CodeCCOl 
Marshall  Space  Flight 
Center, 
AL  35812 
(205)  544-0024 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


806 


IWNSATech  Brief 

National  Aeronautics  and 
Space  Administration 

Marshall  Space  Flight  Center,  Alabama 


Toolmaker's  Microscope  With  Video  Monitor 

Display  accessories  increase  resolution  and  flexibility  of  use. 


A  toolmaker's  microscope  equipped 
with  a  video  monitor,  auxiliary  lighting,  and 
high-resolution  readout  devices  enables 
noncontacting  measurements  of  tiny  slots, 
indentations,  and  similar  features  on  parts. 
The  microscope  can  measure  in  places 
that  are  difficult  or  impossible  to  reach  by 


mechanical  means. 

The  microscope  (see  figure)  is  easy  to 
set  up  and  position.  The  user  can  select 
from  a  variety  of  light  sources  to  illuminate 
the  workpiece  and  can  choose  a  magnifi- 
cation according  to  the  size  and  nature  of 
the  feature.  With  the  video  display,  more 


than  one  observer  can  evaluate  a  feature. 
This  work  was  done  by  Arif  S.  Ahmed  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center.  No  further  docu- 
mentation is  available. 
MFS-29227/TN 


Video 

L  Camera 

Hi,,  Ji  MM 

ill  m 

.   ■ 

<<^*-  • 

A  Workpiece  on  an  x-y  Table  is  observed  through  the  microscope  above  it.  A  video  camera  in  the  microscope  head  produces  an  image  of  the 
workpiece  on  the  video  monitor  at  the  left. 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Periscope  for  Viewing  Weld  Penetration 

The  same  device  gives  a  full  view  and  provides  shielding. 


Welding  Torch 
(Stationary) 


Shielding 


«&W///fa  V777ZIW77Z\  VWA  VZ7A  W7Z\  Vtm  V777X  V777AV 


Viewing 
Window 


Window 
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Window 
Retaining  Periscope 


Cap 


Tube 
(Stationary) 


\\\\\\\\\\\\\\\\\\\\\\\\\\\\TY^X\\\\\^ 

Jr  Mirror'        Turntable'j 


Round  Duct , 
(Rotating) 


Clamp 


Inert  Shielding  Gas  Flows  from  a  manifold  in  the  periscope.  The  thin  outlet  channel  provides  sufficient  back  pressure  to  keep  the  weld  joint 
blanketed  with  gas. 


« 


A  periscope  enables  the  viewing  of  a 
weld  joint  from  inside  a  cylindrical  duct  to 
determine  when  weld  penetration  occurs. 
The  periscope  supplies  a  steady  stream  of 
inert  gas  to  shield  the  joint.  The  device  is 
used  to  calibrate  and  evaluate  techniques 
for  sensing  weld  penetration. 

The  periscope  gives  a  clear  perpendicu- 
lar view  of  the  joint,  unlike  unaided  obser- 
vations from  the  end  of  the  duct,  which  are 
at  a  shallow  angle.  Although  observations 
with  a  mirror  on  a  stick  (like  a  dentist's  in- 
strument) also  give  a  perpendicular  view, 


such  a  device  requires  a  sliding  seal  to 
contain  the  inert  gas  and  accommodate 
rotation  of  the  duct  during  welding.  In  con- 
trast, the  periscope  itself  supplies  the 
shielding  gas  without  a  seal,  rotating  or 
otherwise. 

The  periscope  is  housed  in  a  tube  that  is 
positioned  in  the  duct  so  that  its  window 
opens  on  the  weld  joint  just  below  the  weld- 
ing torch  (see  figure).  Inert  gas  flows 
through  the  periscope  and  out  the  window, 
covering  the  joint.  The  gas  flows  out  of  the 
duct  through  the  narrow  channel  between 
the  periscope  and  the  duct  wall. 


The  duct  is  rotated  under  the  torch  by  a 
turntable  while  the  periscope  remains 
fixed.  An  observer  looks  through  a  viewing 
window,  located  at  the  far  end  of  the  peri- 
scope, into  an  internal  mirror  at  45°  to  the 
periscope  axis.  The  mirror  provides  a  full 
view  of  the  joint  so  that  the  signs  of  weld 
penetration  are  obvious  to  the  observer. 

This  work  was  done  by  Stephen  S. 
Gordon  and  Jonathan  M.  Marman  of  Rock- 
well International  Corp.  for  Marshall 
Space  Right  Center.  No  further  docu- 
mentation is  available.    MFS-29346  fTN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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809  Calcium  Cyanamide  Process  Control 

810  Composite  Materials  in  Cold  Environments 

81 1  ANL  Glass  Electrolyte  —  An  economic,  highly  conductive  glass  electrolyte  for  cells 
and  batteries 

812  FERMAR  Dual-Phase  Steel:  Saving  Steel  Dollars 

813  Infiltration  Processing  of  Boron  Carbide-,  Boron-,  and  Boride-reactive  Metal 
Cermets 

814  Workshop  Report  Covers  Polymer  Composite  Processing 

815  Adhesives  for  Use  in  Vacuum,  Radiation,  and  Cold  —  Data  on  mechanical  and 
optical  properties  are  compiled. 

816  Electrically-Conductive  Polyaramid  Cable  and  Fabric  —  Tows  coated  with  metal 
provide  strength  and  conductance.  (Licensing  Opportunity) 

81 7  Designing  Ceramic  Coatings  —  Design  criteria  are  based  on  thermomechanical 
considerations. 

81 8  Growing  Wider  Silicon  Ribbons  —  A  new  lid  design  would  make  a  larger  with- 
drawal opening  feasible. 

819  Modified  Withdrawal  Slot  Increases  Silicon  Production  — A  new  shape  reduces 
ribbon  breakage  and  resulting  idle  time. 

820  Molecular-Beam-Epitaxy  Program  —  Performances  of  solar  cells  are  predicted 
from  manufacturing  parameters. 

821  Silicones  as  Connector-Potting  Compounds  —  Low  outgassing  is  just  one  of  the 
benefits  of  silicones. 

822  Sublid  Speeds  Growth  of  Silicon  Ribbon  —  A  heat  shield  permits  enhancement  of 
exit  cooling  without  formation  of  unwanted  crystals. 

823  Wicks  for  Refrigerants  in  Heat  Pipes  —  An  ultra-high-molecular-weight  material  is 
compatible  with  efficient  heat-transfer  fluids.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

824  Thin-Film,  Analytical-Analysis  Corrosion  Rate  Test  (Licensing  Opportunity) 

825  Multispan-Beam  Shear  Test  for  Composite  Laminates  —  This  test  probes  failure 
modes  unattainable  in  the  three-point-beam  test. 

Other  Items  of  Interest 

787       Sectioning  Coated  Specimens  Without  Edge  Rounding  —  A  mounting  method 

combines  rigidity  for  polishing  with  conductivity  for  electron  microscopy.   (Licens- 
ing Opportunity) 

800       Oxynitride  Braze  Method  for  Joining  Silicon  Nitride  Ceramics 

802       Carbon  Coating  of  Copper  by  Arc-Discharge  Pyrolysis  —  An  adherent,  abrasion- 
resistant  coat  is  deposited  with  existing  equipment.  (Licensing  Opportunity) 

843       Ceramic  Thermal  Barriers  for  Dirty-Fuel  Turbines  —  Coatings  like  those  in  aircraft 
turbines  quickly  deteriorate,  but  alternatives  are  on  the  horizon. 
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Calcium  Cyanamide  Process  Control 


This  project  had  two  objectives.     The  first  was  to  determine  the  effects 
of  various  operating  conditions  and  the  inherent  impurities  of  materials 
on  the  conversion  of  calcium  carbide  to  calcium  cyanamide  in  laboratory 
scale  kilns.     The  second  was  to  develop  a  method  for  determining  cake 
thickness  and  operating  temperatures  in  the  kiln  at  the  calcium  cyana- 
mide building. 

Sixty  laboratory  trials  on  two  different  kilns  were  conducted  to  deter- 
mine the  effects  of  eight  parameters.     All  eight  parameters  were 
capable  of  being  controlled  in  the  main  plants'  cyanamide  building. 
The  parameters  were  (1)  source  of  calcium  fluoride,  (2)  percent  cal- 
cium fluoride  in  feed,  (3)  source  of  calcium  carbide,   (4)  percent  cal- 
cium carbide  in  feed,  (5)  nitrogen  content  of  recycle  calcium  cyana- 
mide,  (6)  kiln  temperature,  (7)  grind  size  of  feed,  and  (8)  oxygen 
content  of  gaseous  nitrogen.     Based  on  these  laboratory  tests,  four  of 
these  variables  were  found  to  have  a  significant  impact  on  the  percent 
conversion  of  calcium  carbide  to  calcium  cyanamide.     They  were  source 
of  calcium  carbide,  kiln  temperature,  grind  size,  and  oxygen  content 
of  the  nitrogen  gas. 

In  the  main  plant,   calcium  carbide  is  reacted  with  nitrogen  gas  in  a 
rotary  kiln  to  produce  calcium  cyanamide.     The  reaction  is  self-sus- 
taining at  a  temperature  near   1050  degrees  centigrade.     A  calcium 
cyanamide  cake  builds  up  on  the  kiln  wall  where  the  reaction  occurs. 
This  cake  is  removed  periodically  by  scraping  it  off  the  kiln  wall,  usually 
after  three  inches  have  accumulated.     At  the  present  time,  there  is 
no  really  good  method  for  determining  the  operating  temperature  or 
cake  thickness  in  the  kiln. 

A  plan  was  developed  to  take  infrared  thermogram  scans  of  the  kiln 
while  pre-feed  coke  was  being  fed  during  startup.     Tests  showed  that 
the  infrared  thermogram  system  had  the  potential  of  determining  where 
the  reaction  was  taking  place  and  for  determining  the  thickness  of  the 
cake  buildup.     However,  there  was  a  problem  with  controlling  the  rates 
at  which  material  was  fed  to  the  kiln  so  no  clear  relationships  were 
established. 

FOR  ADDITIONAL  INFORMATION:     Mr.  Andrew  Kource,  Jr.,  AMXIB-PG, 
Production  Engineering  Division,  U.S.  Army  Industrial  Base  Engineering 
Activity,  Rock  Island,  IL  61299-7260;  (309)  782-5235. 
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Cold  Regions  Research  &  Engineering  Laboratory 


Hanover,  NH  03755 


Composite  Materials  in  Cold  Environments 


PROBLEM 

Because  of  their  high  strength  and  light  weight,  advanced  composites 
are  the  potential  candidate  materials  for  the  Army's  High  Tech  Light 
Division  (HTLD)  equipment,  battlefield  shelters,  bridging,  and  numerous 
aerospace  applications.  However,  the  long-term  service  life  of  many 
of  these  materials  in  cold  (below-freezing)  environments,  especially 
under  high  strain  rate  loading,  is  largely  unknown.  Low-temperature- 
induced  brittleness  can  cause  catastrophic  failures. 

SOLUTION 


CRREL  has  undertaken  a  comprehensive  program  of  test  and  evaluation 
of  composite  materials  at  low  temperatures  (down  to  -50°C).     Both 
quasi-static  and  dynamic  tests  are  being  performed.     High-strain-rate 
tests  are  being  conducted  using  the  Hopkinson  Bar  test  set-up.     Data 
from  these  tests  will  provide  design  input  for  fabricating  structures 
for  cold  environments. 

RESULTS 


Recent  test  results  have  shown  that  when  fiberglas-epoxy  and  graphite- 
epoxy  composites  are  loaded  in  the  direction  of  the  fibers,  their 
unidirectional  tensile  strengths  decrease  with  lowering  of  temperature. 
However,  the  tensile  strength  increases  when  the  loading  is  in  the 
transverse  direction  relative  to  the  fibers.     Acoustic  emissions  also 
increase  with  lowering  of  temperature,  indicating  formation  of  micro- 
cracks  in  the  samples. 

CONTACT 

Piyush  Dutta 

US  Army  Corps  of  Engineers 

CRREL 

72     Lyme  Rd. 

Hanover,  NH  03755-1290 

(603)  646-4212 
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Bringing  Argonne  Research  and  Development  to  Industry 


04-01-0388 


ANL  Glass  Electrolyte 

An  economic,  highly  conductive  glass  electrolyte  for  cells  and  batteries 


The  ANL  Glass  Electrolyte  is  a  highly 
conductive  glass  composition  suitable  for  use  as 
a  solid  electrolyte  in  sodium-based 
electrochemical  cells  and  batteries  and  other 
applications  where  high  sodium-ion  conductivity 
is  needed. 


overcome,  such  as  difficult,  expensive  fabrica- 
tion, poor  ionic  conductivity,  and  poor  chemical 
resistance.  The  ANL  Glass  Electrolyte  has  the 
desired  characteristics:  good  chemical  stability, 
high  ionic  conductivity,  reasonable  cost,  and 
ease  of  fabrication. 


When  used  in  a  sodium/sulfur  battery,  the 
glass  electrolyte  conducts  sodium  ions  between 
the  negative  and  positive  electrodes,  creating  a 
useful  electric  current  between  the  terminals  on 
the  outside  of  the  battery. 

The  ANL  Glass  Electrolyte,  having  the 
nominal  composition  of  (in  mol%)  42  sodium 
oxide,  8  alumina,  5  zirconia,  and  45  silica,  has 
passed  critical  acceptance  tests,  including  the 
requirements  that  the  glass  be  both  highly 
conductive  for  sodium  ions  and  chemically 
stable  in  the  hostile  sodium/sulfur  environment 
at  300-325°C.  Failure  to  meet  these  require- 
ments has  prevented  other  glass-electrolyte- 
based  sodium/sulfur  battery  systems  from 
reaching  full  development.  Preliminary  Na/ 
glass/S  battery  tests  have  shown  no  problems 
native  to  the  glass. 

The  ANL  Glass  Electrolyte  represents  a 
major  breakthrough  in  the  evolution  of  the  Na/S 
cell  and  battery.  Previous  electrolytes  for  Na/S 
cells  have  had  problems  that  have  not  been 


Additional  Information 


electrolyte,    glass    electrolyte, 


Key   Words:       solid 
sodium/sulfur  battery 

Literature:  Ionic  Conductivities  and  Glass  Transition 
Temperatures  of  Na20-Zr02-Al203-Si02  Glasses.  G. 
H.  Kucera,  I.  Bloom,  and  M.  F.  Roche.  J. 
Electrochem.  Soc.  133:1966  (1986).  Chemical 
Stability  of  NajO-ZrGyALjCySiO.,  Glasses.    I.  Bloom, 

J.  Bradley,  and  M.  F.  Roche.  J.  Electrochem.  Soc. 
134:2102(1987). 

Patent  Status:  U.S.  Patent  No.  4,544,614. 

Potential  Applications/Spinoffs:  Primary  applica- 
tions include  electric  vehicle  propulsion  and  utility  load 
leveling.  Other  applications  include  sodium  heat 
engines,  sodium-ion-sensing  analytical  devices 
(developed  as  the  Micro  Membrane-Electrode  Sensor, 
Argonne  National  Laboratory),  and  sodium  electrowin- 
ning.  Because  of  the  increased  conductivity  and 
reduced  cost,  the  glass  could  become  commercially 
viable  for  these  applications  in  the  near  future. 

For  More  Information:  Contact  the  Technology 
Transfer  Center,  9700  S.  Cass  Ave.,  Argonne,  IL 
60439  (31 2/FTS  972-7694). 
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Lawrence  Berkeley  Laboratory 


FERMAR   Dual-Phase  Steel:   Saving  Steel   Dollars 


FERMAR  is  a  low-cost,  high-strength  steel.  It  is  based  on  the  principles 
of  microcomposi tes.  It  is  a  mosaic-like  steel  composed  of  two  different 
fibrous  phases — martensite  and  ferrite — produced  by  special  heat  treatments  or 
by  carefully  controlled  rolling  and  quenching  of  the  steel.  The  latter  method 
is  directly  applicable  to  a  modern  rolling  mill  in  commercial  production. 
This  low-carbon  steel  is  simple  in  composition.  It  contains  no  microal loy ing 
elements  or  strategic  elements,  such  as  cobalt,  which  must  be  imported  from 
undependable  foreign  sources. 

Production  of  high-strength  wire  from  FERMAR  does  not  require  the 
expensive  and  environmentally  hazardous  lead  bath  heat  treatment  now  used  in 
the  wire  industry.  Also,  this  material  is  stronger  and  more  duct.le  than 
conventional  wires.  In  addition,  the  microstructure  provides  considerably 
improved  resistance  to  fatigue,  corrosion,  and  low-temperature  fracture.  This 
combination  of  properties  can  lead  to  a  reduction  of  about  20  percent  of  the 
steel  needed  for  prestressed  concrete. 

About  four  million  tons  of  steel  in  the  United  States  and  10  million  tons 
worldwide  are  used  for  reinforced  concrete.  About  230,000  tons  of  steel  in 
the  United  States  and  two  million  tons  worldwide  are  used  for  prestressed 
concrete.  Steel  for  reinforced  concrete  now  costs  $400  per  ton,  and  for 
prestressed  concrete,  $600  per  ton.  FERMAR  steels  would  cost  about  25  percent 
less.  The  potential  savings  could  be  about  a  third  of  a  billion  dollars  in 
the  United  States,  and  a  billion  dollars  worldwide.  In  addition,  the  industry 
would  have  a  high-strength,  high-ductility  material  that  would  result  in 
lighter  structures.  It  would  eliminate  the  need  for  strategic  materials,  and 
eliminate  the  potential  environmental  hazards  of  current  manufacturing 
processes. 

FERMAR  has  structural  applications  such  as  bead  and  tire  cord  wire,  wire 
ropes,  and  reinforcing  bars. 


Literature:  (1)  Design  of  Dual  Phase  Steels  for  Bars  and  Rods,  G.  Thomas, 
LBL-21663,  (2)  Design  of  Strong,  Ductile,  HSLA,  and  Dual  Phase  Steels, 
G.  Thomas,  LBL-21303. 

Patent  Status:  U.S.  Patent  Nos.  4,067,756,  1,619,714,  and  4,613,385.  For 
licensing  information  contact  Mr.  Robert  Mulcahy,  Lawrence  Berkeley 
Laboratory,  1  Cyclotron  Road,  Berkeley,  CA  94720  (415/486-6502). 

Potential  Applications/Spinoffs:  Structural  applications  such  as  bead  and 
tire  cord  wire,  wire  ropes,  and  reinforcing  bars. 

For  More  Information  on  This  Technology:  Contact  Mr.  Robert  Morris,  Lawrence 
Berl  3ley  Laboratory,  1  Cyclotron  Road,  Berkeley,  CA  94720  (415/486-6502). 
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Lawrence  Berkeley  Laboratory 

Infiltration  Processing  of  Boron  Carbide-,  Boron-, 
and   Boride-reactive  Metal  Cermets 


A  new  and  very  economical  process  has  been  developed  by  researchers  at 
the  Lawrence  Livermore  National  Laboratory  (LLNL).  This  novel  process 
involves  the  infiltration  of  molten  reactive  metals  into  chemically  pretreated 
boron  carbide,  boron,  or  boride  starting  constituents  (powders,  fibers,  etc.) 
that  are  consolidated  into  a  ceramic  precursor  or  sponge  via  conventional  or 
colloidal-chemical -casting  techniques. 

The  process  is  more  economical  than  conventional  methods,  such  as  hot- 
isostatic  pressing  and  hot  pressing;  additionally,  it  does  not  require  the 
application  of  external  pressure  to  achieve  infiltration.  The  key  to  this  new 
process  is  controlling  the  surface  chemistry  of  the  starting  constituents. 
When  the  mechanisms  of  infiltration  are  inhibited  by  undesirable  phases  (such 
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as  oxides  and/or  stoichiometric  deficiencies)  at  the  surfaces  of  these 
starting  constituents,  it  is  possible  to  chemically  convert  them  at  low 
temperatures  into  phases  that  are  conducive  to,  the  process.  Additional 
advantages  of  the  new  process  include  the  ability  to  fabricate  gradient 
microstructures  with  properties  that  can  be  tailored  to  meet  use  demands  that 
vary  along  the  finished  part. 

Boron  carbide  aluminum  cermets  are  made  using  this  process.    These 
materials  have  excellent  properties  (see  table). 


Literature:  (1)  Processing  of  Boron  Carbide-Aluminum  Composites,  D.C. 
Halverson  et  al.,  LLNL,  Livermore,  CA,  UCRL-93862,  Oct.  17,  1986, 
(2)  Processing  and  Microstructural  Characterization  of  BnC-Al  Cermets,  D.C. 
Halverson,  LLNL,  Livermore,  CA,  A.J.  Pyzik  and  I. A.  Aksay,  Ceramic  Engineering 
and  Science  Proceedings,  Vol.  6,  Mo.  7-8,  July-August  1985. 

Patent  Status:  Boron-Carbide-Aluminum  and  Boron-Carbide-Reactive  Metal 
Cermets,  U.S.  Patent  No.  4,605,440,  and  Infiltration  Processing  of  Boron 
Carbide,  Boron,  and  Boride-reactive  Metal  Cermets,  patent  pending. 

Potential  Applications/Spinoffs:  The  applications  are  virtually  limitless, 
but  the  most  likely  uses  are  for  engine  parts,  cutting  tools,  neutron 
shielding,  disk  drives  and  wear  parts. 

For  More  Information  on  This  Technology:  Contact  Ms.  Candy  Voelker,  Lawrence 
Livermore  National  Laboratory,  P.O.  Box  808,  L-795,  Livermore,  CA  94550 
(415/422-6416  or  415/642-5000). 
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NBS   technology   update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburg,  MP  20899 


Workshop  Report  Covers  Polymer  Composite 
Processing 


An  NBS-sponsored  industry  workshop  on  "Polymer  Composite  Processing" 
identified  five  processing  methods  considered  most  important  for  the 
future  :     pressure  molding,   transfer  molding,   filament  winding,  thermo- 
forming,  and  pultrusion.     Two  technologies  that  complement  processing 
were  also  noted:     alternate  sources  of  process  energy  such  as  micro- 
waves, dielectrics,  and  lasers  to  initiate  or  promote  chemical  reactions 
in  thermosets,  to  melt  materials,  or  to  change  viscosities  in  thermo- 
plastics; and  resin-fiber  starting  materials  such  as  the  commingling  of 
graphite  and  resin  fibers.     At  the  workshop,  representatives  from  23 
companies,   including  composite  users,  suppliers,  and  fabricators,  also 
identified  six  technical  barriers  to  improved  processing.     The  most 
important  problem  is  the  need  to  better  understand  and  control  resin 
flow  and  fiber  orientation  during  processing. 

FOR  ADDITIONAL  INFORMATION:     For  a  copy  of  the  workshop  report, 
Polymer  Composite  Processing  (NBSIR  87-3686),  send  a  self-addressed 
label  to:     Dr.  Donald  L.  Hunston,  A209  Polymer  Bldg.,  National  Bureau 
of  Standards,  Gaithersburg,  MD  20899;  (301)  975-6837. 
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Adhesives  for  Use 
in  Vacuum,  Radiation, 
and  Cold 

Data  on  mechanical 
and  optical  properties 
are  compiled. 


A  report  presents  results  of  literature 
searches  ana  tests  of  eight  adhesives  for 
use  in  the  high-radiation,  low-temperature, 
vacuum  environment  of  the  Galileo  space- 
craft mission  to  Jupiter.  The  adhesives,  in- 
tended for  use  as  bonding  agents  for  ther- 
mal blankets,  instruments,  structural 
members,  and  coatings,  were  exposed  to 
protons  and  electrons. 

The  adhesives  were  tested  for  contami- 
nation, reflectance,  bond  integrity,  color, 
transmittance,  outgassing,  dielectric  con- 
stant, coefficient  of  thermal  expansion,  op- 
tical interference,  peel  strength,  and  shear 
strength.  Some  of  the  tests  were  conduct- 
ed at  the  temperature  of  liquid  nitrogen 
(-150°C). 


In  various  degrees,  all  the  adhesives 
performed  satisfactorily.  On  the  basis  of 
tensile  strength,  the  one  used  on  an  em- 
bossed aluminum  tape  (3M-1267  or 
equivalent)  proved  superior  to  the  one  used 
on  copper  tape  (3M— X1245).  Although  the 
3M  adhesives  lose  their  strengths  at  radia- 
tion doses  orders  of  magnitude  below  the 
external  Jovian  dose,  the  metals,  in  the 
tapes  shield  the  adhesives  sufficiently  to 
reduce  the  internal  doses  to  acceptable 
values. 

The  results  of  the  investigation  are  given 
in  tables  and  graphs.  Suggestions  for  im- 
proving characteristics  of  adhesive  bonds 
with  new  materials  and  treatments  by  ul- 
traviolet irradiation  and  ion  implantation 


are  offered. 

This  work  was  done  by  Frank  L.  Bouquet 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

"Adhesive  Systems  for  Long  Term  Use  at 
Low  Temperatures, "    NPO- 1 7034  /77V 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Electrically-Conductive  Polyaramid  Cable 
and  Fabric 

Tows  coated  with  metal  provide  strength  and  conductance. 


A  cable  suitable  for  use  underwater  is 
made  of  electrically  conductive  tows  ol 
metal-coated  polyaramid  filaments  sur- 
rounded by  an  electrically  insulating  jack- 
et. The  conductive  tows  can  also  be  used 
to  make  conductive  fabrics  (see  Figure  1). 

Conventional  underwater  cables  tend 
to  rupture  when  released  after  severe 

stretching  because  the  copper  conductors 
in  them  remain  elongated,  while  the  poly- 
aramid jackets  or  wrappings  in  them 
spring  back  to  nearly  their  original  lengths. 
In  the  new  cable,  the  tension  is  borne  by 
the  metal-coated  filaments,  so  that  upon 
release,  the  entire  cable  springs  back  to 
nearly  its  original  length  without  damage. 
Figure  2  illustrates  the  process  for  coat- 
ing the  filaments  in  a  tow.  A  typical  tow  con- 
tains about  1,000  polyaramid  fibers,  each 
11.9  Mm  thick.  Some  tows  are  manufac- 
tured with  a  light  sizing.  Upon  unwinding 
from  a  spool,  the  tow  first  passes  through  a 
cleaning  solution  of  sodium  hydroxide  or  a 
chlorinated  solvent  or  both,  to  remove  the 
sizing.  The  cleaning  solution  is  rinsed  off 
with  water,  and  the  tow  is  then  passed  into 
an  activating  solution  of  palladium  chloride 
and/or  tin  chloride  with  hydrochloric  acid 
and  water. 

After  the  activating  solution  is  rinsed  off 
with  water,  the  tow  passes  through  an  ac- 
celerating solution  of  50  percent  hydro- 
chloric acid  in  water.  The  acid  is  rinsed  off 
in  water,  and  the  tow  then  enters  the  first 
plating  bath.  (Although  two  baths  are 
shown  here,  one  or  three  or  more  could 
also  be  used.)  After  each  plating  bath,  the 


Tow 


Metal-Coated 
Polyaramid 
Filaments 


Figure  1.  Cable  or  Fabric  can  be  made  of 
tows  of  metal-coated  polyaramid  fila- 
ments. 


tow  is  rinsed  with  water.  After  the  last  rinse 
in  water,  the  tow  is  rinsed  in  alcohol,  dried, 
and  wound  on  a  spool. 

The  metal  plate  of  choice  consists  of 
two  layers  of  copper  for  high  conductance 
plus  an  outer  coat  of  nickel  to  retard  oxida- 
tion of  the  copper.  Experimental  tows  ex- 
hibited lineal  resistivities  of  the  order  of 
1  Q/ft  (3  Q/m).  In  one  case,  the  breaking 
strength  of  the  tow  was  measured  and  was 
found  to  have  decreased  by  8  to  1 2  percent 
as  a  result  of  the  plating. 

This  work  was  done  by  Ralph  F  Orban  of 
Material  Concepts,  Inc.,  for  Marshall 
Space  Right  Center. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title  to 
this  invention,  covered  by  U.S.  Patent  No. 
4,634,805.  Inquiries  concerning  rights  for 
its  commercial  use  should  be  addressed  to 

Ralph  F.  Orban 

Material  Concepts,  Inc. 

New  Products  Dev.  Division 

666  North  Hague  Avenue 

Columbus,  OH  43204. 
Refer  to  MFS-26031,  ffN 

George  C  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center. 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D  Wofford.  Jr 

Mail  Code  CC01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 
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Figure  2.  A  Tow  of  Polyaramid  Filaments  is  coated  with  metal  in  a  multistep  process. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 


i 


IWNSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Designing  Ceramic 
Coatings 

Design  criteria  are 

based  on  thermomechanical 

considerations. 

A  report  summarizes  the  state  of  the  art 
in  the  design  of  ceramic  coats  for  metal 
parts  in  heat  engines.  A  ceramic  coat  is 
typically  used  to  reduce  the  transfer  of  heat 
from  a  hot  gas  to  a  cylinder  wall,  piston,  tur- 
bine blade,  or  other  internally-cooled  metal 
part.  This  enables  the  use  of  the  higher  gas 
temperatures  needed  for  higher  efficien- 
cies, permits  the  use  of  less  cooling  air,  or 
extends  the  life  of  the  metal  part  by  reduc- 
ing its  temperature. 

A  ceramic  coat  can  fail  from  a  combi- 
nation of  differential-thermal-expansion 
stresses  caused  by  the  coating  process 
and  by  changes  of  temperature  during  use. 
Tensile  loads  —  like  those  caused  by  ex- 
pansion of  the  substrate  —  give  rise  to 
cracks.  Compressive  loads  —  like  those 
caused  by  excessive  heating  of  the  coat  or 
excessive  cooling  of  the  substrate  — 
cause  the  ceramic  to  spall  in  large  sec- 
tions. 

The  report  describes  a  finite-element 
simulation  of  the  elastic  and  plastic  ther- 
momechanical behavior  of  the  multilayer 
ceramic  coat  on  the  outer-gas-path  seal  of 
a  gas  turbine.  The  main  thrust  of  the  simu- 
lation was  to  determine  the  creep  and  plas- 
tic strains  and  to  superpose  them  to  yield 
residual  thermomechanical-stress  and 
thermomechanical-strain  fields.  The  nu- 
merical results  showed  the  following: 


•  Severe  stresses  were  generated  in  the  in- 
terface zone  between  the  metal  substrate 
and  the  first  ceramic  layer. 

•  Plasticity  appeared  to  dominate  creep  in 
the  ceramic  laminae  closest  to  the  sub- 
strate. 

•  The  effects  of  creep  and  plasticity  tended 
to  combine  to  reduce  the  surface  stress  in 
the  ceramic  layer  exposed  to  the  hot  gas. 

•Significant  residual  thermomechanical 
fields  were  generated  by  the  inelastic  be- 
havior. 

A  finite-element  simulation  was  also 
done  to  investigate  the  initial  stresses  in  a 
multilayer  ceramic  coat  due  to  the  coating 
process.  The  simulated  bending  moment 
was  about  67  percent  of  the  bending  mo- 
ment calculated  from  the  warp  of  the  ex- 
perimental version  of  the  coat,  which  had 
been  removed  by  chemical  etching. 

The  report  discusses  design  analysis,  de- 
sign criteria,  testing,  fabrication,  and  materi- 
als. The  basic  criteria  are  the  following: 

•  low  thermal  conductivity, 

•  substrate  cooling, 

•  noncatalytic  surfaces, 

•  strain-relief  mechanism, 

•  adhesive  and  cohesive  bonding,  and 

•  smooth  exterior  surface. 

Loading  considerations  include  thermal 
cycling,  the  effects  of  contamination  on 


swelling  and  long-term  inelastic  behavior, 
and  mechanical  erosion.  Geometrical  con- 
siderations arise  in  fabrication:  ceramic 
coats  are  often  applied  by  plasma  spray- 
ing, which  is  limited  to  the  line  of  sight.  Geo- 
metrical considerations  also  affect  adhe- 
sion and  endurance. 

The  foregoing  and  other  design  and 
analysis  criteria  were  applied  as  rules  of 
thumb  to  the  testing  of  shroud  seals  in  a 
turboshaft  engine.  The  analysis  predicted 
that  the  seals  would  work,  and  the  predic- 
tion was  confirmed  by  tests.  Designers  will 
likely  continue  to  work  by  such  rules  of 
thumb,  pending  the  completion  of  more- 
detailed  thermomechanical  studies. 

This  work  was  done  by  G.  McDonald 
and  R.  C.  Hendricks  of  Lewis  Research 
Center;  R.  L.  Mullen  of  Case  Western  Re- 
serve University;  and  J.  Radovan,  M.  J. 
Braun,  and  B.  T.  F.  Chung  of  the  University 
of  Akron.  Further  information  maybe  found 
in  NASA  TM-87328  [N86-25726/NSP], 
"Thermomechanical  Design  Criteria  for 
Ceramic-Coated  Surfaces." 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  33&4700.  [A03J 
LEW-14545  fTN 
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Growing  Wider  Silicon  Ribbons 

A  new  lid  design  would  make  a  larger  withdrawal  opening  feasible. 


Hole  for 

Replenishment 

of  Silicon 


SECTION  A-A 
PREVIOUS  VERSION 
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SECTION  B-B 
DEMONSTRATION  MODEL 
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Wider  silicon  ribbons  can  be  grown  by 
the  dendritic-web  method  with  a  proposed 
modification  of  the  furnace  lid.  The  modifi- 
cation would  increase  by  about  22  percent 
the  size  of  the  portion  of  the  lid  that  limits 
the  ribbon  width,  thereby  potentially  in- 
creasing the  area  of  single-crystal  silicon 
ribbon  and  the  productivity  of  the  furnace. 

The  modification  consists  of  adding 
cross  slots  at  the  ends  of  the  middle  slot 
through  which  the  ribbon  is  pulled.  The 
cross  slots  would  provide  openings  for 
cooling  at  the  edges  of  the  web,  a  function 
formerly  provided  in  part  by  two  round  out- 
board holes  (see  figure).  The  cross  slots 
would  also  be  used  for  the  entry  and  exit  of 
the  laser  beam  used  to  sense  the  melt 
level.  The  separate  holes  for  the  laser 
beam  are  no  longer  needed,  and  the  mid- 
dle slot  can  therefore  be  elongated  to  oc- 
cupy a  greater  portion  of  the  width  of  the 
crucible. 

The  concept  has  been  demonstrated 
with  a  lid  and  shield  having  cross  slots  at 
the  end  of  a  middle  slot  of  standard  length. 
The  demonstration  showed  that  ribbon 
growth  was  equivalent  to  that  for  the  mid- 
dle slot  with  circular  holes  at  its  ends.  Thus, 
it  appears  feasible  to  lengthen  the  middle 
slot  to  accommodate  a  wider  ribbon. 

77ws  work  was  done  by  C.  S.  Duncan 
and  P.  A.  Piotrowskiof  Westinghouse  Elec- 
tric Corp.  for  NASA's  Jet  Propulsion  Lab- 
oratory. NPO-17054/TN 


In  a  Demonstration  Model  of  the  New  Ud, 

cross  slots  were  added  to  the  ends  of  the 
middle  slot  through  which  the  silicon  rib- 
bon passes  as  it  is  pulled  from  the  melt.  The 
hole  at  left  is  replenishing  the  melt.  In  the 
proposed  version  of  the  lid,  the  holes  for  the 
laser  beam  would  be  eliminated,  and  the 
middle  slot  and  cross  slots  could  then  be 
extended  almost  to  the  edges  of  the  lid. 


SECTION  C-C 
PROPOSED  VERSION 
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Modified  Withdrawal  Slot  Increases  Silicon  Production 

A  new  shape  reduces  ribbon  breakage  and  resulting  idle  time. 


A  new  shape  for  the  slot  through  which 
single-crystal  silicon  ribbon  is  pulled  from  a 
melt  increases  productivity.  Previously,  the 
slot  in  the  furnace  lid  widened  into  circular 
notches  at  its  ends.  In  the  redesigned  lid, 
the  end  notches  are  triangular  rather  than 
circular  (see  figure). 

The  new  shape  reduces  the  tendency  of 
the  emerging  ribbon  to  grow  too  thin  and 
break.  Such  thinning  is  apparently  con- 
nected with  the  degradation  of  crystalline 
quality  in  the  vicinities  of  the  dendrites  at 
the  edges  of  the  ribbon.  When  the  ribbon 
breaks,  a  new  one  must  be  started  —  a 
time-consuming  operation  that  reduces 
productivity.  The  triangular  notches  in- 
crease the  loss  of  heat  from  the  liquid/solid 
interface  in  the  previously  thinned  region, 
so  that  the  ribbon  grows  with  more  nearly 
uniform  thickness. 

Whereas  the  weekly  production  rate  per 
furnace  was  previously  about  40,000  cm2 
of  ribbon,  it  is  now  47,000  cm2 —  a 
17.5-percent  boost.  The  number  of  restarts 
dropped  from  50  to  30  per  week.  Moreover, 
a  17-m-long  ribbon  was  grown  —  a  new 
record  for  a  single  pull. 

The  new  slot  configuration  makes  it 
easier  to  grow  ribbons  of  greater  width 
while  maintaining  uniform  thickness.  The 
first  version  of  the  triangular  slot  was  used 
to  grow  ribbons  4  cm  wide.  Another  ver- 
sion yielded  a  ribbon  5.5  cm  wide,  so  that 
productivity  was  further  increased. 

This  work  was  done  by  P.  A.  Piotrowsky 
andC.  S.  Duncan  of  Westinghouse  Electric 
Corp.  for  NASA's  Jet  Propulsion  Labora- 
tory. NPO-17055/TN 
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The  Bow-Tie-Shaped  Slot  replaces  the  dumbbell-shaped  slot  in  the  lid  over  the  silicon-grow- 
ing crucible.  The  new  slot  cools  the  liquid/solid  interface  in  a  pattern  that  produces  a  ribbon 
with  fewer  defects. 
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Molecular-Beam-Epitaxy 
Program 

Performances  of  solar 
cells  are  predicted  from 
manufacturing  parameters. 

The  Molecular  Beam  Epitaxy  (MBE) 
computer  program  was  developed  to  aid  in 
the  design  of  single-  and  double-junction 
cascade  cells  made  of  silicon.  The  process 
of  molecular-beam  epitaxy  offers  the  po- 
tential of  growing  complex  and  arbitrary 
doping  profiles  in  devices,  with  accurate 
depth  resolution  on  both  front-  and  back- 
surface  fields. 

The  MBE  program  can  be  used  to  calcu- 
late optimum  doping  profiles  and  to  predict 
the  resulting  performances  of  solar  cells. 
Analysis  by  the  use  of  the  MBE  program 


has  shown  that  a  cascade  cell  has  an  effi- 
ciency 1  or  2  percent  higher  than  that  of  a 
single  cell,  with  twice  the  open-circuit  volt- 
age. The  input  parameters  include  the  dop- 
ing density,  diffusion  lengths,  thicknesses 
of  regions,  the  solar  spectrum,  the  absorp- 
tion coefficients  of  silicon  (data  are  includ- 
ed for  101  wavelengths),  and  surface  re- 
combination velocities.  The  results  include 
the  maximum  power,  short-circuit  current, 
and  open-circuit  voltage. 

The  MBE  program  is  written  in  FOR- 
TRAN IV  for  batch  execution  and  has  been 


implemented  on  an  IBM  370-series  com- 
puter operating  under  OS.  The  program  re- 
quires the  commercial  IMSL  subroutine 
package  and  includes  sample  SAS  proced- 
ures for  plotting  results.  This  program  was 
developed  in  1984. 

The  program  was  written  by  Patricia  D. 
Sparks  of  the  University  of  California,  Los 
Angeles,  for  NASA's  Jet  Propulsion  Lab- 
oratory. NPO-16706/TN 
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Silicones  as  Connector- 
Potting  Compounds 

Low  outgassing  is  just  one  of 
the  benefits  of  silicones. 

A  report  evaluates  silicone  potting  ma- 
terials for  electrical  connectors.  Silicones, 
the  report  states,  offer  important  advan- 
tages over  conventional  polyurethane  pot- 
ting compounds:  low  outgassing,  low  flam- 
mability,  and  low  toxicity. 

"me  report  describes  tests  of  connector 
specimens  made  with  CV-2510  and  DC-6- 
1104  silicones  with  dibutyl  tin  dilaurate 
catalyst  and  evaluates  the  test  results  in 
the  light  of  previously  published  test  results 
for  polyurethanes.  The  report  discusses 


the  requirements  for  connector-potting 
materials,  the  methods  used  to  evaluate 
the  silicones,  the  techniques  for  preparing 
specimens,  and  the  results  of  the  tests.  It 
identifies  commercial  sources  of  silicone 
potting  materials. 

The  authors  emphasize  the  importance 
of  correct  preparation  and  processing  of 
the  potting  materials  and  the  parts  to  be 
potted.  To  obtain  the  best  results,  it  is 
necessary  to  attend  scrupulously  to  such 
details  as  cleaning  and  drying  the  parts, 


mixing  the  ingredients  thoroughly  in  the 
correct  proportions,  removing  bubbles  in  a 
vacuum,  and  using  the  proper  curing  times 
and  temperatures. 

This  work  was  done  by  Frank  L.  Bouquet 
and  Marjorie  S.  Bickler  of  Caltech  for 
NASA's  Jet  Propulsion  Laboratory. 
"Techniques   for  Fabrication  of  Improved 
Pottants  for  Space  Electrical  Connectors, " 
NPO-17251/TN 
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Sublid  Speeds  Growth  of  Silicon  Ribbon 

A  heat  shield  permits  enhancement  of  exit  cooling  without  formation  of  unwanted  crystals. 


A  thermal  barrier  between  the  molten  si- 
licon and  the  lid  of  a  susceptor  and  crucible 
(see  figure)  allows  a  solidifying  ribbon  of 
silicon  to  be  withdrawn  faster.  The  barrier, 
or  sublid,  thus  increases  the  production 
rate. 

The  sublid  shields  the  lid  from  most  of 
the  heat  radiated  by  the  melt.  The  layer  of 
gas  between  the  sublid  and  the  lid  provides 
further  insulation,  so  that  the  lid  can  be  kept 
substantially  cooler  than  the  sublid.  Near 
the  liquid/solid  interface,  where  the  silicon 
ribbon  grows  from  the  silicon  meniscus, 
heat  radiates  chiefly  to  the  portion  of  the 
relatively  cool  lid  in  the  vicinity  of  the  slot. 
The  silicon  at  the  interface  thus  loses  heat 
faster,  solidifies  faster,  and  can  be 
withdrawn  as  ribbon  faster.  Moreover,  the 
speed  increase  does  not  introduce  exces- 
sive thermal  stress  in  the  solidified  materi- 
al. 

Because  the  sublid  still  provides  a  hot 
environment  for  the  melt,  it  does  not  allow 
spontaneously  frozen  silicon  crystallites  to 
form  in  the  melt.  Such  crystallites  can  in- 
terfere with  ribbon  growth,  and  thereby  in- 
hibit production,  if  the  melt  is  exposed  to  a 
relatively  cool  lid  without  an  intervening 
thermal  barrier. 

In  one  experimental  system,  the  growth 
speed  of  a  ribbon  of  100-  to  125-^m 
thickness  is  increased  from  1.6cm/min 
without  the  sublid  to  2.3  cm/min  with  the 
sublid.  At  the  current  maximum  practical 
ribbon  width  of  about  6  cm,  the  increase  in 
growth  speed  yields  13.8  cm2  of  ribbon 


« 


A  Ribbon  of  Silicon  is  pulled  from  the  melt  through  a  slot  in  the  susceptor  lid.  Heat  from  the 
solidifying  silicon  at  the  meniscus  is  absorbed  by  the  lid  more  rapidly  than  by  the  hotter 
sublid. 


per  minute  —  within  12-  to  15-cm2/min 
throughput  required  to  establish  commer- 
cial feasibility  of  the  dendritic-web  growth 
process.  By  increasing  the  growth  rate,  the 
sublid  circumvents  the  formidable  prob- 
lems of  increasing  the  ribbon  width  to  in- 
crease production. 


This  work  was  done  by  R.  G. 
Seidensticker  and  J.  P.  Mctiugh  of 
Westinghouse  Electric  Corp.  for  NASA's 
Jet  Propulsion  Laboratory. 

NPO-17056/TN 
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Wicks  for  Refrigerants  in  Heat  Pipes 

An  ultra-high-molecular-weight  material  is  compatible  with  efficient  heat-transfer  fluids. 


Heat 
Exchanger 


Heat 
Exchanger 


Wick 


Vapor 
Channel 
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Condenser 

This  Heat-Pipe  Loop  Circulates  a  Refrigerant  Fluid  by  exploiting  the  capillary  pressure  difference  maintained  by  the  surface  tension  of  the 
liquid  in  the  wick.  Channels  along  the  outer  surface  of  the  wick  carry  vaporized  refrigerant  away  from  the  wick  surface. 


A  new  wick  material  for  heat  pipes  is  the 
first  to  be  physically  and  chemically  com- 
patible with  the  chlorof  luoromethanes,  the 
chlorofluoroethanes,  and  ammonia  —  the 
most-efficient  refrigerant  fluids.  The  new 
material  allows  one  of  these  refrigerants  to 
be  used  as  the  working  fluid  in  a  capillary- 
pump  heat-pipe  loop  for  cooling  electronic 
equipment,  for  example. 

The  wick  material  is  a  uniformly-porous, 
permeable,  open-cell  polyethylene  foam.  It 
has  an  ultrahigh  molecular  weight  —  1  to  5 
million  —  and  a  very  small  pore  size  — 10 
to  1 2  /im.  This  material  has  previously  been 
used  in  filters  but  not  in  wicks. 

The  ultrahigh  molecular  weight  of  the 
material  makes  it  resistant  to  heat.  It  can 
withstand  a  continuous  temperature  of 
82  °C  or  temperatures  up  to  116°C  inter- 
mittently. It  also  withstands  cold  down  to 
-70°C. 

The  material  is  flexible  and  not  fragile 
and  thus  withstands  vibration.  Moreover, 
its  surface  is  self-lubricating  so  that  it  is 
easy  to  machine  and  to  insert  into  heat 


pipes.  Its  high  molecular  weight  also  con- 
tributes to  its  machinability.  With  its  uniform 
porosity  and  small  interconnecting  pores, 
the  material  is  highly  permeable  to  the  flow 
of  refrigerant  through  it  and  generates  a 
large  capillary  pressure.  A  hollow  tube  of 
the  material  1  in.  (2.5  cm)  in  diameter  and 
with  walls  Vi  in.  (6  mm)  thick  draws  up  to 
19  in.  (48  cm)  of  water  or  methanol  in  a 
static  height  test  that  uses  a  manometer  at 
a  pressure  of  1  atm  (about  0.1  MPa).  The 
material  does  not  contaminate  the  refriger- 
ant chemically  nor  does  it  release  particles 
into  the  heat  pipe. 

The  foam  is  machined  into  the  form  of  a 
can  with  one  open  end  and  is  inserted  into 
the  heat  exchanger  of  the  capillary-pump 
system  with  its  open  end  toward  the  sec- 
tion that  contains  the  liquid  (see  figure).  The 
liquid  refrigerant  saturates  the  pores  of  the 
wick,  and  heat  entering  the  heat  exchang- 
er from  an  external  source  vaporizes  the 
liquid  continuously  as  it  emerges  from  the 
porous  wick.  Liquid  diffuses  through  the 
wick  to  replenish  the  evaporated  refriger- 


ant. 

The  vapor  flows  through  the  heat  pipe  to 
a  condenser,  from  which  it  returns  to  the 
heat  exchanger  as  a  liquid.  The  capillary 
pressure  difference  across  the  wick  en- 
sures continuous  circulation  of  the  refrig- 
erant. 

This  work  was  done  by  Benjamin 
Seidenberg  of  Goddard  Space  Flight 
Center 

777/s  invention  is  owned  by  NASA,  and  a 
patent  application  has  been  filed.  Inquiries 
concerning  nonexclusive  or  exclusive 
license  for  its  commercial  development 
should  be  addressed  to  the  Patent 
Counsel,  Goddard  Space  Flight  Center 
Refer  to  GSC-13019  fTN 

Goddard  Space  Flight 
Center 

Technology  Utilization 
Officer  DonaldS 
Friedman 
Mail  Code  702 
Greenbelt.  MD  20771 
(301)286-6242 


Patent  Counsel 
R  Dennis  Marctiant 
Mail  Code  204 
Greenbelt,  MD  20771 
(301)286-7351 
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Thin-Film,  Analytical-Analysis  Corrosion  Rate  Test 


The  corrosion  rate  of  a  vessel  could  be  tested  insitu  by  passing  a  thin 
film  of  its  contents  over  a  section  of  the  outside  wall  of  the  vessel 
and  analyzing  the  corrosion  products.     A  large  surface-area  to  liquid- 
volume  ratio  relative  to  conventional  methods  increases  the  rate  at 
which  corrosion  products  build  up.     On-line  spectrophotometric  ion- 
selective  electrodes,  or  liquid-ion  chromatography  could  be  used  to 
monitor  the  corrosion  products. 

This  test  is  better  than  existing  technology  because  it  may  increase 
the  rate  at  which  corrosion  products  build-up  in  solution  which 
reduces  time  to  run  corrosion  tests. 

FOR  ADDITIONAL  INFORMATION:     Mr.  Ron  J.  Bliss,  Idaho  National 
Engineering  Laboratory,  PO  Box  4000,  Idaho  Falls,  ID  83403;  (208) 
526-0997.     Refer  to  DOE/INEL-038. 
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Multispan-Beam  Shear  Test  for  Composite  Laminates 

This  test  probes  failure  modes  unattainable  in  the  three-point-beam  test. 


Laminated  composites  have  unique  fail- 
ure mechanisms  much  different  from 
those  of  homogeneous  materials.  One 
such  failure  mechanism  is  cracking  in  the 
weaker  plies  caused  by  transverse  shear 
deformation  and  local  bending.  A  new  ap- 
proach for  studying  this  type  of  failure  is  the 
use  of  the  multispan-beam  shear  test, 
which  puts  some  regions  of  the  specimen 
in  almost  pure  shear  and  enables  the  ob- 
servation of  the  location  of  the  initial  failure 
and  the  way  in  which  the  damage  propa- 
gates. The  test  can  be  stopped  at  any  time, 
such  as  when  the  first  failure  event  occurs, 
for  study  of  a  phenomenon  or  for  taking 


Figure  1.  This  Five-Point  Load  Fixture  is 
used  in  shear  testing. 

photographs  of  a  failure  event.  Individual 
plies  can  be  studied  easily  with  a  long- 
distance microscope  or  from  photographs 
taken  during  the  test. 

A  five-point  load  fixture  (Figure  1 )  is  used 
while  a  lateral  load  is  slowly  applied  to  sim- 
ulate a  static  loading  condition.  To  impose 
significant  transverse  shear  stresses,  the 


specimen  size  is  selected  to  provide  a  ratio 
of  distance  between  the  line  loads  to  the 
specimen  thickness  of  approximately  4:1. 
The  dimensions  of  the  specimen  in  Figure 
1  are  4  by  1  by  0.25  in.  (10.2  by  2.5  by 
0.64  cm),  and  the  spacing  between  the  line 
loads  is  1  in.  (2.5  cm). 

As  the  load  is  applied,  the  progression  of 
the  failure  can  be  observed.  Frequently, 
the  first  failure  event  is  a  crack  in  a  single 
layer;  for  example,  a  45  °  or  90  °  ply.  Subse- 
quent failure  events  may  involve  cracks 
and/or  delaminations,  depending  on  the 
material  and  the  ply  orientations.  For  ex- 
ample, the  initial  failure  (Figure  2)  of  a 
[( ±  45  °/0 °2)^  ±  45  °/0  °/90 °)]2s  laminate  is 
the  cracking  of  the  two  centrally-located 
90°  plies  in  a  region  of  high  shear  in  the 
specimen. 

One  use  for  this  test  procedure  is  to 
study  the  effects  of  interleaving  of  adhe- 
sive layers  in  composites.  In  a  laminate 
without  interleaving,  the  45°  and  90°  plies 
can  withstand  little  transverse  shear  be- 
fore cracking.  However,  adhesive  layers 
placed  between  plies  can  delay  the  crack- 
ing until  a  higher  load  level  or  higher  trans- 
verse displacement  is  reached  because 
the  adhesive  layers  can  deform  in  shear 
more  than  the  graph ite/epoxy  plies  can. 
The  multispan-beam  shear  test  allows  the 
failure  to  be  seen  easily  so  that  the  effect  of 
the  interleaving  on  the  failure  mechanism 
can  be  studied. 

The  second  use  of  this  test  procedure  is 
the  study  of  the  deformations  related  to  the 
reduction  of  strength  of  a  composite  panel 
after  an  impact.  A  laminated  panel  under- 
goes local  transient  bending  deformation 
immediately  after  impact  and  subsequent- 
ly transforms  to  its  final  global  deformation 
state.  In  the  brief  time  before  the  panel 
takes  on  its  final  shape,  significant  damage 
occurs  due  to  the  extreme  local  deforma- 


Figure  2.  Shear  Failure  is  evident  in  90° 
plies. 

tion  gradients  in  the  region  of  the  impact. 
The  multispan-beam  shear  test  forces  the 
test  specimen  to  assume,  in  two  dimen- 
sions, approximately  the  same  deforma- 
tion shape  that  occurs  in  the  impacted  sec- 
tion of  the  panel.  Failure  results  from  the 
multispan-beam  shear  test  correlate  well 
with  failure  results  from  impact  tests  on 
panels  in  axial  compression.  Since  small 
beam  specimens  can  be  used  in  place  of 
larger  panels  for  these  tests,  this  test  pro- 
cedure provides  a  simple,  economical  way 
of  evaluating  the  strengths  of  composite 

materials  after  impacts. 

This  work  was  done  by  Dawn  C.  Jegley 
and  Jerry  G.  Williams  of  Langley  Re- 
search Center.  No  further  documentation 
is  available. 
LAR-13605/TN 
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Evaluation  of  Existing  Total  Human  Exposure 
Models 


Modern  technology  has  brought  a 
dramatic  increase  in  the  production 
and  consumption  of  chemicals.  The 
public  has  become  increasingly 
aware  of  the  ability  of  some 
pollutants  to  cause  unexpected 
results  at  some  point  far  removed 
from  where  they  were  emitted.  This 
awareness  has  generated  two 
important  questions  which  have  and 
will  continue  to  motivate  much  of  the 
research  in  environmental  science: 
1)  What  is  the  expected  environ- 
mental concentration-time  profile 
for  a  pollutant  at  specific  locations  in 
various  media?  2)  What  are  the 
hazards  to  man  and  his  environment 
resulting  from  these  pollutant 
concentrations? 

Due  to  the  magnitude  and 
complexity  of  the  problems 
confronted  in  answering  these 
questions,  researchers  have  resorted 
to  modeling  techniques  to  help 
overcome  some  of  those  problems. 
In  this  report,  a  special  class  of 
models  is  examined  and  several 
existing  formulations  are  compared. 
These  models  utilize  pollutant 
concentration  distributions  and 
human  time-activity  patterns, 
methods  of  matching  concentrations 
and  activities,  the  number  of 
pollutants  which  can  be  handled, 
accommodation  for  short-term 
(acute)  or  long-term  (chronic)  ex- 
posures, treatment  of  uncertainties 
and  errors  in  the  modeling 
techniques.  Models  are  also 
compared  to  ascertain  whether  the 
computer  program  itself  is  well 
written,  modular,  and  user  friendly 
with  simple  input  of  variables  and 
clear,  understandable  outputs. 

This  Project  Summary  was 
developed  by  EPAs  Environmental 
Monitoring  Systems  Laboratory,  Las 
Vegas,  NV,  to  announce  key  findings 
of  the  research  project  that  is  fully 
documented  in  a  separate  report  of 
the  same  title  (see  Project  Report 
ordering  information  at  back). 


Introduction 

Modern  technology  has  brought  a 
dramatic  increase  in  the  production  and 
consumption  of  chemicals.  In  some 
cases,  the  benefits  from  the  use  of  these 
chemicals  have  been  accompanied  by 
unexpected  adverse  effects.  For 
example,  the  mercury  contamination  of 
fresh  water  (Gilbertson,  1974),  the 
widespread  distribution  of  PCBs 
(Gustafson,  1970),  and  the  alleged 
destruction  of  the  ozone  layer  in  the 
stratosphere  due  to  the  release  and 
accumulation  of  chlorofluorocarbons 
(Molina  and  Rowland,  1974)  have  made 
the  public  increasingly  aware  of  the 
ability  of  some  pollutants  to  cause 
unexpected  results  at  locations  far 
removed  from  the  point  of  release. 

Two  important  questions  have  been 
generated  as  a  result  of  this  increased 
awareness  (Neely  and  Blau,  1985): 

1)  What  is  the  expected 
environmental  concentration- 
time  profile  for  a  pollutant  at 
specific  locations  in  various 
media? 

2)  What  are  the  hazards  to  man 
and  his  environment  resulting 
from  these  environmental 
concentrations? 

Due  to  the  magnitude  and  complexity 
of  the  problem,  researchers  have  sought 
to  develop  modeling  methods  in  order  to 
answer  these  questions  This  report 
examines  a  specific  class  of  rfnodels; 
those  which  utilize  environmental 
pollutant  concentration  distributions  and 
human  activity  patterns  to  estimate 
human  exposure.  The  specific  models 
chosen  for  evaluation  are: 

1)AERAM  (Air  Emission  Risk 
Assessment  Model) 

2)  HEM  (Human  Exposure  Model) 

3)  LIFETIME1  (Lifetime  exposure 
model  based  on  SHED  {S.A.I. 
Human  Exposure  and  Dosage 
Model}) 

4)  NEM  (NAAQS  {National  Ambient 
Air  Quality  Standards}  Exposure 
Model) 

5)  SHAPE  (Simulation  of  Human 
Air  Pollution  Exposure) 

6)  SuperSHEAR   (An    extension    of 
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SHEAR  {S.A.I.  Human  Exposure 
and  Risk}) 

Ott  (1984),  defines  "exposure"  to  a 
pollutant  as  the  joint  occurrence  of  two 
events:  a)  person  i  is  present  at  some 
location  L  with  coordinates  (x.y.z)  at  time 
t,  and  b)  concentration  c  is  present  at  the 
same  location  L  at  time  t: 

(Person  i  is  present  at  location  L  at 
time  t)  (Concentration  c  is  present  at 
location  L  at  time  t). 

To  calculate  exposure  in  such  a 
fashion  one  needs  information  on  the 
spatial-temporal  distribution  of  the 
concentration  c(x,y,z,t)  and  the 
coordinates  of  person  i,  (x,y,z)  in  relation 
to  time  t. 

When  person  i  is  present  at  location  L, 
he/she  is  enveloped  by  one  or  more  of 
the  pollutant-carrying  media  -  air,  water 
and  food.  Pollutants  in  air  can  cross  the 
human  envelope  on  inhalation  followed 
by  air-exchange  in  the  lungs  and/or  on 
contact  with  the  dermal  layer.  Pollutants 
in  water  can  be  absorbed  by  the  human 
body  by  oral  consumption  and/or  dermal 
contact.  And  pollutants  in  food, 
especially  those  biological  in  nature,  can 
be  digested  by  the  human  body  through 
oral  consumption. 

The  total  human  exposure  models 
formulated  thus  far  by  the  research 
community  studying  exposure  to 
environmental  pollutants,  have  focused 
primarily  on  airborne  pollutants. 
Consequently,  this  report  has  a  similar 
focus.  Some  of  the  models  go  beyond 
exposure,  and  estimate  dose  and  even 
risk. 

The  evaluation  process  emphasizes 
the  manner  in  which  the  concentration 
distributions  of  the  pollutants,  the 
distributions  of  the  exposed  populations, 
exposure  to  the  pollutants,  estimation  of 
dosage  after  exposure,  and  the  risk 
assessment  techniques  are  handled  by 

the  models.  Since  all  the  models 
evaluated,  which  calculate  pollutant 
dispersion,  do  so  only  through  the  air 
medium,  the  models  were  characterized 
by  their  atmospheric  modeling 
capabilities.  Mention  is  made  where  the 
modular  structures  which  represent  the 
other  pollutant  carrying  media  might 
easily  be  added  to  the  existing  program 
structure  Special  consideration  was 
given  to  models  which  include  pollutant 
concentrations  in  indoor  environments. 

The  population  characterization 
function  was  evaluated  according  to  the 
level  of  divisioning  of  the  study  area. 
Models  with  large  population  distributions 
might  include  factors  to  accommodate 
sensitive  populations  or  population 
migration  patterns  and  population  growth, 
and  models  with  individuals  or  small 
groups  of  people  might  include 
microenvironments  and  human  time- 
activity  patterns.  The  methods  used  by 


these  models  to  match  pollutant 
concentrations  with  population 
distributions  was  also  evaluated. 

The  model  evaluation  process  also 
involved  characterizing  other  areas  as 
well.  These  additional  factors  are: 

1)  Whether  deterministic  or 
stochastic  procedures  are  used 
by  the  various  functions; 

2)  If  the  exposure  model  can 
handle  more  than  one  pollutant; 

3)  If  the  exposure  model  can 
accommodate  both  short-term 
(acute)  and  long-term  (chronic) 
exposure  analyses; 

4)  If  uncertainties  and  errors  in  the 
modeling  techniques  are 
identified  and  adequately 
explained;  and 

5)  If  the  computer  program  itself  is 
well  written  -  it  should  be 
modular  in  structure  allowing  for 
the  easy  inclusion  of  external 
subroutines,  facilitate  the  simple 
input  of  variables,  output  results 
in  a  clear  and  understandable 
fashion  (using  tables  and  graphs 
as  appropriate),  be  compatible 
with  mainframe  and  personal 
computers,  be  user-friendly, 
and  carry  simple  and  easy-to- 
read  documentation. 


Conclusions 

All  the  existing  total  human  exposure 
models  cover  only  certain  aspects  of  the 
entire  modeling  process  and  none  of  the 
models  conclude  with  an  error  analysis 
or  much-needed  validations.  The 
exposure  limits  -  lower  and  upper 
estimates  -  predicted  by  a  few  models 
are  not  statistically  determined 
uncertainties  but  values  obtained  from 
different  population  treatments  for  the 
same  exposure  levels.  None  of  the 
models  consider  any  pathway  other  than 
air  to  determine  the  concentration  of 
pollutants  in  and  around  the  receptor 
points.  The  exposure  models  which 
consider  microenvironments  and  human 
time-activity  patterns,  SHAPE  and  the 
different  versions  of  NEM,  are  pollutant 
specific  and  have  been  formulated  in 
such  a  way  that  inclusion  of  any  new 
pollutants  to  the  exposure  analysis  will 
require  additional  effort. 


Muhilan  D  Pandian  is  with  the  -University  ot  Nevada.  Las  Vegas.  NV  89  tS4. 

Joseph  V  Behar  is  the  EPA  Protect  Otlicer  (see  below) 

Jhe  complete  report,  entitled  'Evaluation  of  Eutstmg  total  Human  Exposure 

Models.'  (Order  No   Pfl  S8-M6  840'AS.  Cost  S  14.95.  subtect  to  change) 
will  be  available  only  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield.  VA  22161 

Telephone     703  487  4650 
The  EPA  Protect  Officer  can  be  contacted  at: 

Environmental  Monitoring  Systems  I  aboratory 

U.S.  Environmental  Prolectron  Agency 

Las  Vegas.  NV.  89193  3478 
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National  Bureau  of  Standards 
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DNA  Damage  by  Human  Inflammatory  Cells 
Detailed 


The  role  of  white  blood  cells  in  the  formation  of  malignant 
tumors  should  become  clearer  with  a  new  list  of  DNA  damage 
assembled  by  researchers  from  NBS  and  the  Scripps  Clinic 
and  Research  Foundation.  White  blood  cells,  or 
"leukocytes,"  play  a  key  role  in  the  defense  against 
bacterial  infection.  But  under  the  abnormal  condition  of 
chronic  inflammation,  they  are  also  associated  with  an 
increase  in  malignant  tumors,  although  the  exact  mechanism 
is  not  well  understood.  The  NBS  and  Scripps  researchers 
have  done  a  quantitative  analysis  of  the  damage  done  to  the 
four  DNA  bases  by  the  action  of  these  leukocytes.  This  DNA 
base  damage  is  suspected  to  be  an  important  link  in  the 
formation  of  inflammation-related  tumors.  The  results  show 
that  all  four  DNA  bases  are  susceptible  to  changes  induced 
by  a  class  of  leukocytes  called  neutrophils.  Six  different 
base  products  were  detected  and  measured  quantitatively, 
including  two  which  had  been  previously  identified  by  other 
researchers.  The  quantitative  results  suggest,  according 
to  the  researchers,  that  guanine  is  the  most  susceptible 
DNA  base,  followed^ by  adenine,  cytosine,  and  thymine. 


FOR  ADDITIONAL  INFORMATION: 

To  discuss  these  efforts  further,  contact 

Dr.  Dizdaroglu  Miral 

Chemistry  Bldg.  B356 

National  Bureau  of  Standards 

Gaithersburg,  MD    20899 

(301)  975-2581 
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NBS   technology   update 

National  Bureau  of  Standards 
U.S.  Department  of  Commerce 


Gaithersburg,  MP  20899 


New  Samples  to  Aid  in  Measuring  Cholesterol, 
Vitamins 


A  standard  reference  material  (SRM)  to  help  laboratories  measure 
several  nutrients — fat-soluble  vitamins  as  well  as  cholesterol— in 
food  products  is  now  available  from  NBS.     The  packaged  material 
combines  known  quantities  of  the  nutrients  in  coconut  oil,  a  natural 
fat  product  used  in  the  preparation  of  many  foods  such  as  infant 
formula.     Food  chemists  and  nutritional  scientists  should  find  the 
material  useful  as  a  standard  to  check  the  operation  of  laboratory 
equipment  as  well  as  to  develop  and  validate  methods  for  analyzing 
some  fat-based  food  samples.     Each  SRM  contains  10  vials  of 
material:     five  have  natural  coconut  oil  only  and  five  are  fortified 
with  certified  levels  of  cholesterol,  vitamin  E  (as  dl-alpha-tocopheryl 
acetate),  vitamin  A  (as  retinyl  acetate),  and  vitamin  D~  (ergocaliciferol). 

FOR  ADDITIONAL  INFORMATION:     The  material,  SRM  1563,  is  $181 
from  the  Office  of  Standard  Reference  Materials,  B311   Chemistry 
Building,  National  Bureau  of  Standards,  Gaithersburg,  MD  20899; 
(301)  975-6776. 
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"Ultrasimplified"  Procedure  Developed  for  Bonding 
Composites  to  Teeth 


An  "ultrasimplified"  system  for  bonding  dental  resins  to  hard  tooth 
tissues  --  enamel  and  dentin  —  has  been  developed  by  Dr.  Rafael 
L.  Bowen  and  his  colleagues  in  the  Paffenbarger  Research  Center 
(PRC)  at  the  National  Bureau  of  Standards  (NBS).     The  new  bonding 
system  is  a  two-step  clinical   method  that  simplifies  a  multistep 
procedure  developed  at  the  PRC  in  1981. 

The  bonding  of  composite  restorations  to  hard  tooth  tissues  holds  the 
promise  for  less  drilling  per  filling  and  stronger  teeth.     This  latest 
advance  makes  the  job  easier  and  faster.     Bonding  composites  to  teeth 
permits  dentists  to  do  a  better  job  in  conserving  tooth  structures, 
rebuilding  badly  damaged  teeth,  and  making  cosmetic  improvements 
to  front  teeth. 

In  addition  to  reducing  the  amount  of  tooth  structure  that  must  be 
cut  away  for  the  retention  of  restorative  composites,  adhesive  bonding 
methods  increase  patient  comfort  during  and  after  dental  procedures. 

The  prior  method  called  for  the  use  of  an  aqueous  solution  of  ferric 
oxalate  to  change  the  surface  atoms  in  hard  tissues,  a  rinse  and  drying, 
and  then  four  additional  steps  to  complete  the  treatment.     The  new 
method  eliminates  all  but  the  application  of  two  surface-active  com- 
pounds for  the  adhesion  of  composite  resins  to  both  the  enamel  and 
dentin. 

With  the  new  system,  the  treatment  area  is  etched  with  an  acidic 
N-phenylglycine  solution  for  30  to  60  seconds.     After  the  surface 
is  blown  dry,  the  area  is  painted  with  a  solution  of  PMDM  (the 
reaction  product  of  pyromellitic  dianhyhdride  and  2-hydroxyethyl 
methacrylate)  and  allowed  to  dry  for   10  to  15  seconds.     Then  the 
surface  is  ready  for  the  application  of  a  composite  restorative 
material. 

Bowen  points  out  that  the  ultrasimplified  system  offers  dentists  the 
ability  to  treat  both  dentin  and  enamel  with  the  same  solution 
simultaneously. 

Bonding  tests  are  currently  under  way  to  determine  the  minimum 
effective  etching  time  necessary  with  the  simplified  method.     Pre- 
liminary information  indicates  that  etching  times  shorter  than  60 
seconds  may  be  just  as  effective. 
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The  new  dental  bonding  system,  which  is  expected  to  find  its  way 
into  dentists'  offices  shortly,  was  developed  with  support  from  the 
National  Institute  of  Dental  Research  (NIDR).     It  is  the  latest  in  a 
long  series  of  collaborative  projects  with  industry  and  government 
that  have  been  conducted  by  the  American  Dental  Association  (ADA) 
since  it  established  a  research  program  at  NBS  on  April  2,   1928. 

The  60-year  old  cooperative  program  between  NBS  and  the  ADA 
has  resulted  in  the  introduction  of  composite  resins,  spherical  alloys 
for  amalgams  used  in  tooth  restorqtibns,  the  panoramic  X-ray,  and 
the  water  turbine  contra-angle  dental  handpiece  —  later  refined 
into  today's  air-driven  dental  handpiece.     The  joint  effort  also  has 
assisted  in  the  development  of  improved  clinical  techniques,  standards, 
and  specifications  for  dental  materials. 

NBS  Director  Ernest  Ambler  says,  "NBS  and  the  ADA  have  had  a  long 
and  productive  association.     The  transfer  to  technology  from  laboratory 
to  marketplace  has  been  especially  successful  in  the  field  of  dental 
materials.     This  is  largely  because  of  the  quality  of  research  performed 
in  the  Dental  and  Medical  Materials  Group,  of  which  the  ADA  research 
associates  are  a  part,  and  because  that  research  group  has  actively 
sought  a  cooperative  relationship  with  dental  manufacturers  that  begins 
with  a  strong  definition  of  the  research  program.     This  is  the  quality 
of  research  and  the  kind  of  association  with  American  manufacturers 
that  we  at  NBS  seek  to  encourage." 

Currently,  the  NBS  program  involves  researchers  from  the  bureau,  the 
ADA,  scientists  from  NIDR,  and  guest  scientists  from  the  dental  materials 
industry  and  from  some  of  the  leading  universities  in  the  dental  field. 

FOR  ADDITIONAL  INFORMATION:  To  discuss  these  efforts  further, 
contact  Dr.  Rafael  Bowen,  Polymers  Bldg.,  A153,  National  Bureau  of 
Standards,  Gaithersburg,  MD  20899;  (301)  975-6806. 
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Biofeedback  With  Implanted  Blood-Pressure  Device 

A  patient  is  alerted  to  excessive  pressure. 


Additional  uses  have  been  found  for  the 
proposed  equipment  described  in  the  pre- 
ceding article,  "Implanted  Blood-Pressure- 
Measuring  Device"  (GSC-13042)  in  this 
issue  of  NASA  Tech  Briefs.  Implanted  with 
the  device  would  be  electronic  circuitry 
that  measures,  interprets,  and  transmits 
data  via  an  inductive  link  through  the  pa- 
tient's skin  to  an  external  receiver. 


The  receiver  would  include  an  audible 
alarm  generator  that  is  activated  when  the 
patient's  blood  pressure  exceeds  a  prede- 
termined threshold.  The  alarm  would  indi- 
cate to  the  patient  that  he  or  she  should 
use  biofeedback  techniques  to  reduce  the 
blood  pressure  to  a  value  below  which  the 
alarm  turns  off.  Also  included  in  the  re- 
ceiver would  be  a  blood-pressure  display,  a 


recorder,  or  both,  for  use  by  the  patient  or 
physician. 

This  work  was  done  by  Robert  E. 
Fischell  of  Johns  Hopkins  University  for 
Goddard  Space  Right  Center  No  fur- 
ther documentation  is  available. 
GSC-13043  /TN 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757,  BWI 
Airport,  MD.  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THE  ARTICLE 
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National  Oceanic  and  Atmospheric  Administration 


Magnetic  Data  Services   For  Surveyors 


Information  on  the  past  and  present  orientation  (declination)  of  Earth's  magnetic  field  is  of  great 
importance  to  surveyors.  The  National  Geophysical  Data  Center  (NGDC)  is  the  national  repository  and 
data  service  center  for  geomagnetic  data.  Surveyors  can  obtain  information  concerning  the  past  and 
present  magnetic  field  through  the  services  indicated  below. 

Present  Magnetic  Declination.  The  present  value  of  magnetic  declination  and  its  annual  change  can 
be  derived  for  any  specified  point,  preferably  in  latitude  and  longitude.  Values  are  taken  from  the  latest 
isogonic  chart,  or  based  on  the  latest  model  of  the  declination  of  the  U.S.  Present  magnetic  declination 
is  available  at  no  charge,  by  calling  (303)  497-6125. 

Tables  of  Magnetic  Declination  for  Past  Years.  Information  on  the  magnetic  field  in  past  years  is  often 
needed  for  rerunning  old  survey  lines  and  re-establishing  corner  markers.  NGDC  offers  several  services 
for  surveyors  requiring  this  information. 

State  Tables  of  Magnetic  Declination:  Tables  are  available  for  each  State  (excluding  Hawaii  and 
Alaska)  that  give  values  of  magnetic  declination  on  a  1°  geographic  grid  from  the  earliest  date 
of  valid  observation  to  the  present.  Values  are  calculated  at  10-year  intervals  to  1900  and  at 
5-year  intervals  thereafter.  Values  for  specific  points  may  be  interpolated  for  geographic  posi- 
tion and  date.  (Product  numbers:  626-B05-001— individual  states;  626-B05-002— conterminous 
United  States.) 

Historic  Declination  for  a  Point:  As  an  alternative  to  the  hand-computations  for  a  specific  point, 
a  computer-derived  table  can  be  furnished  that  gives  the  values  as  above  for  a  specified  point 
(see  table  below),  preferably  in  latitude  and  longitude.  Requestors  should  specify  the  range  of 
years;  for  instance,  the  year  of  a  previous  deed  or  survey  and  the  current  year.  If  the  data  are 
to  be  used  in  court,  a  certified  copy  can  be  provided.  (626-C04-001— point  declination; 
626-C04-002— certified  copy.) 

Estimated  Values  of  Magnetic  Declination 


Year 

Declination 

Year 

Declination 

Year 

Declination 

1750 

o 

2 

23W 

1870 

0 

3 

3 

1940 

0 

7 

1 

1760 

1 

44 

1880 

3 

43 

1945 

7 

2 

1770 

1 

9 

1890 

4 

17 

1950 

6 

59 

1780 

0 

41 

1900 

4 

54 

1955 

7 

5 

1790 

0 

22 

1905 

5 

14 

1960 

7 

15 

1800 

0 

13 

1910 

5 

36 

1965 

7 

31 

1810 

0 

13 

1915 

5 

58 

1970 

7 

49 

1820 

0 

23 

1920 

6 

12 

1975 

8 

17 

1830 

0 

43 

1925 

6 

33 

1980 

8 

53 

1840 

1 

11 

1930 

6 

51 

1985 

9 

26 

1850 

1 

46 

1935 

7 

3 

1990 

9 

59 

1860 

2 

23 

The  values  of  declination  are  given  in  units  of  degrees  and  minutes  of 
arc.  Values  are  for  Washington,  D.C.  Coordinates  used  are  N38°55',  W77°00'. 
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Magnetic  Station  Site  Description:  A  magnetic  station  is  a  marked  point  on  the  ground  where 
the  magnetic  and  true  meridians  have  been  determined  accurately,  thus  making  it  possible  to 
determine  the  index  correction  of  a  surveyor's  compass.  Several  hundred  of  these  stations  have 
been  established  throughout  the  United  States.  The  site  description  tells  where  the  station  is, 
how  it  is  marked,  and  gives  true  azimuths  of  several  prominent  objects.  The  estimated  present 
value  of  magnetic  declination  at  the  station  is  also  included.  Requestors  should  specify  the 
location  of  interest,  and  NGDC  will  provide  the  description  of  the  nearest  station.  (626-D04-001) 

Note:  A  chart  showing  the  magnetic  declination  is  published  periodically  by  the  U.S.  Geological  Survey. 
To  obtain  the  latest  "Magnetic  Declination  in  the  United  States"  chart,  contact  the  U.S.  Geological 
Survey,  Western  Branch  of  Distribution,  Box  25425,  Federal  Center,  Denver,  CO  80225. 

Fortran  Programs  for  U.S.  Declination  Model.  These  programs  can  be  used  to  construct  tables  of 
magnetic  declination  at  a  specific  latitude  and  longitude  (see  example  on  front)  or  on  a  1-degree 
geographic  grid  from  the  earliest  date  of  valid  observations  to  the  present.  Values  of  declination  are 
calculated  at  10-year  intervals  up  to  1900,  and  at  5-year  intervals  thereafter.  The  programs  are  in  ANSI 
standard  FORTRAN-77  and  are  applicable  to  the  conterminous  United  States  only.  Please  order  pro- 
gram USHD  to  compute  the  magnetic  declination  for  a  specific  point  and  program  USHDGRID  to 
compute  the  magnetic  declination  for  an  area.  Programs  are  available  on  magnetic  tape  or  IBM-PC  5V*" 
compatible  diskette.  (889- D07-001— magnetic  tape  media;  889-D25-001—  diskette.) 

How  to  Order 


Product  Number 

Cost 

626-B05-001 

$     8 

626-B05-002 

$384 

626-C04-001 

$  10 

626-C04-002 

$  32 

626-D04-001 

$  30 

889-D07-001 

$155 

889-D25-001 

$  95 

Description 

State  table  of  past  magnetic  declination  (excluding  Alaska  and  Hawaii) 
Complete  set  of  state  tables  for  the  conterminous  United  States 

Historic  declination  for  a  point 

Certified  copy  of  historic  declination  for  a  point 

Magnetic  station  site  description 

Fortran  program  and  U.S.  declination  model;  output  on  magnetic  tape 
(9-track,  1600,  ASCII) 

Fortran  program  and  U.S.  declination  model;  output  on  IBM-PC  compat- 
ible 5Va"  floppy  disk 
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Please  refer  to  product  numbers  when  ordering. 


The  prices  quoted  here  are  valid  through  September  30, 
1988.  Prices  applicable  after  that  date  may  be  obtained 
by  calling  (303)  497-6478. 


Mention  of  a  commercial  company  or  product  does 
not  imply  endorsement  by  NOAA  or  the  Department  of 
Commerce. 


U.S.  DEPARTMENT  OF  COMMERCE  REGULATIONS  REQUIRE  PREPAYMENT  ON  ALL  NON-FEDERAL  ORDERS. 
Please  make  checks  and  money  orders  payable  to  COMMERCE/NOAA/NGDC.  All  foreign  orders  must  be  in  U.S. 
Dollars  drawn  on  a  U.S.A.  bank.  Do  not  send  cash.  Orders  may  be  charged  to  an  American  Express  card, 
MasterCard,  or  Visa  card  by  telephone  or  letter;  please  include  credit  card  account  number,  expiration  date, 
telephone  number,  and  your  signature  with  order. 

A  ten  dollar  ($10)  handling  fee  is  required  on  all  orders;  an  additional  ten  dollar  ($10)  charge  is  required  for  non- 
U.S.A.  orders.  Rush  orders  require  an  extra  surcharge  of  fifteen  dollars  ($15). 


Please  direct  telephone  inquires  to  (303)  497-6478  (FTS:  320-6478;  Telex:  592811  NOAA  MASC  BDR.)  Inquiries, 
orders  and  payment  should  be  addressed  to:  _.  -._ 

National  Geophysical  Data  Center 
NOAA,  Code  E/GC4 

325  Broadway  o 


Boulder,  CO  80303 
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Software 


Spectrum-Analysis  Program 

Minerals  can  be  identified 
in  geological  images. 

The  Spectral  Analysis  Manager  (SPAM) 
computer  program  was  developed  to  ena- 
ble easy  qualitative  analysis  of  multidimen- 
sional data  from  imaging  spectrometers. 
Imaging  spectrometers  provide  sufficient 
spectral  sampling  to  define  a  unique  spec- 
tral signature  for  each  pixel.  Thus,  the  di- 
rect identification  of  materials  for  geologi- 
cal studies  becomes  possible. 

SPAM  provides  a  variety  of  capabilities 
for  interactive  analysis  of  the  massive  and 
complex  sets  of  data  associated  with  multi- 
spectral  remote  sensing.  In  addition  to  nor- 
mal image-processing  functions,  SPAM 
provides  multiple  levels  of  online  help,  a 
flexible  command  interpretation,  graceful 
recovery  from  errors,  and  a  program  struc- 
ture that  can  be  implemented  in  a  variety  of 
environments.  SPAM  was  designed  to  be 
oriented  visually  and  friendly  to  the  user, 
with  the  liberal  employment  of  graphics  for 

rapid  and  efficient  exploratory  analysis  of 
data  from  imaging  spectrometry. 

SPAM  provides  functions  to  enable  such 
arithmetical  manipulations  of  the  data  as 
normalization,  linear  mixing,  band  ratio 
discrimination,  and  low-pass  filtering. 
SPAM  can  be  used  to  examine  the  spec- 


trum of  one  pixel  or  the  average  spectrum 
over  a  number  of  pixels.  SPAM  also  sup- 
ports the  segmentation  of  images,  fast 
matching  of  spectral  signatures,  the  use  of 
a  library  of  spectra,  the  analysis  of  mix- 
tures, and  the  extraction  of  features.  Fast 
matching  of  spectral  signatures  is  per- 
formed by  use  of  a  binary  spectrum-encod- 
ing algorithm  to  separate  and  identify 
mineral  components  present  in  the  scene. 

The  same  binary  encoding  enables  the 
automatic  clustering  of  spectra.  Spectral 
data  can  be  entered  from  a  digitizing  tablet, 
stored  in  a  user  library,  compared  to  the 
master  library  containing  mineral  spectral 
standards,  and  then  displayed  as  a  time- 
sequence  spectral  movie.  The  output  plots, 
histograms,  and  stretched  histograms  pro- 
duced by  SPAM  can  be  sent  to  a  line  print- 
er, stored  as  separate  red,  green,  and  blue 
files  on  disks,  or  sent  to  a  quick  color  re- 
corder. 

SPAM  is  written  in  C  for  interactive  ex- 
ecution and  is  available  for  three  different 
computing  environments.  There  is  a  DEC 
VAX/VMS  version  with  a  central-memory 
requirement  of  approximately  242Kof  8-bit 
bytes,  a  DEC  VAX/TAE  version,  and  a  ma- 


chine-independent UNIX  4.2  version.  The 
VAX/TAE  implementation  is  designed  to  in- 
teract with  the  TAE  program  supplied  by 
the  user  and  includes  standard  VICAR- 
labeled  sets  of  image  data.  (Both  TAE, 
Transportable  Applications  Executive,  and 
VICAR,  Video  Image  Communication  and 
Retrieval,  programs  are  available'  sepa- 
rately from  COSMIC.)  The  display  devices 
currently  supported  are  the  De  Anza  and 
Raster  Technologies  display  processors. 
Other  512x512  resolution  color  display 
devices  may  be  added  with  minor  code 
modifications.  The  program  was  devel- 
oped in  1986. 

This  program  was  written  by  J.  E. 
Solomon,  M.  Lee,  A.  S.  Mazer,  and  M. 
Martin  of  Caltech  for  NASA's  Jet  Propul- 
sion Laboratory.    NPO-17180fTN 

FOR    ADDITIONAL    INFORMATION 

CONTACT: 

COSMIC® 

112  Barrow  Hall 
University  o(  Georgia 
Athens,  GA  30602 
(404)  542-3265 
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tions of  selected  gases  would  be  measured  automatically.  (Licensing 
Opportunity) 

Other  Items  of  Interest 

743      Lasers  Reveal  Collagen  Fiber  Structures  in  Leather 

763  Battery  Driven  8-Channel  Pulse  Height  Analyzer  (Licensing  Opportunity) 

764  MOSFET  Electric-Charge  Sensor  —  A  charged-particle  probe  would  be 
compact  and  would  consume  little  power.  (Licensing  Opportunity) 

783  Solids  Aerosol  Generator 

784  Chip-Size  Thermometer  is  Available 


NBS   technology   update 


National  Bureau  of  Standards 
U.S.  Department  of  Commerce 

Gaithersburq,  MP  20899 


First  Measurements  of  Ultra-Cold  Atomic 
Collisions 


NBS  researchers  working  in  collaboration  with  The 
University  of  Maryland  (UM)  have  used  a  new  "laser  trap"  to 
hold  and  cool  large  numbers  of  atoms,  and  make  the  f i  rst 
measurements  of  an  atomic  collision  process  at  ultra-cold 
temperatures — within  one  thousandth  of  a  degree  of  absolute 
zero.   Collision  processes  underlie  our  understanding  of 
large  parts  of  physical  chemistry.  Ultra-cold  collisions — 
which  were  impossible  to  study  before  the  development  of 
laser  cooling  techniques  in  the  past  several  years — differ 
in  fundamental  ways  from  higher-temperature  collisions;  and 
offer  new  insights  into  the  theory  of  atomic  processes. 
The  quantum-mechanical  wave-like  nature  of  the  atoms,  which 
is  unimportant  at  higher  temperatures,  becomes  of  paramount 
importance  in  ultra-cold  collisions.  The  results  of  the 
NBS/UM  experiments  in  "Observation  of  Associative 
Ionization  of  Ultra-Cold  Laser-Trapped  Sodium  Atoms," 
appear  in  the  Feb.  29  Physical  Review  Letters. 

FOR  ADDITIONAL  INFORMATION: 

To  discuss  these  efforts  further,  contact 

Dr.  William  Phillips 

Clo  Metrology  Bldg.  B258 

National  Bureau  of  Standards 

Gaithersburg,  MD    20899 

(301)  975-6554 
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Unique   Color-Center   Laser   Developed 


The  Naval  Research  Laboratory  (NRL)  has  demonstrated  a  broadly 
tunable  infrared  color-center  laser  that  shows  promise  for  a  wide 
range  of  military,  industrial,  and  scientific  applications. 

Potential  uses  of  color-center  lasers  for  the  military  include  infrared 
countermeasures  and  fiber-optic  communications.     In  the  scientific 
area,  the  laser  can  be  used  for  molecular  spectroscopy,  the  synthesis 
of  new  molecules  and  chemical  purification. 

NRL  notes  that  the  highly  stabilized  infrared  color-center  laser 
uses  lithium-doped  potassium  iodide  (KI).     These  crystals,  which  may 
be  stored  at  room  temperature  for  long  periods  of  time,  also  remain 
stable  under  losing  conditions. 

The  new  lasers  are  expected  to  have  high  stability,  high  intensity 
and  an  extremely  broad  continuous  tunability  covering  the  range 
from  2-4  microns,  the  broadest  tuning  yet  for  a  color-center  laser. 

FOR  ADDITIONAL  INFORMATION:     L.  Carter,  Information  Services 
Branch,  Naval  Research  Laboratory,  Code  2610,  Washington,  DC  20375- 
5000;  (202)  767-2541.    Refer  to  item  15-88R. 
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Effective-Mass  Theory 
for  Inhomogeneous 
Semiconductors 

The  effective  masses 
of  conduction  electrons 
and  holes  should  not  depend 
on  their  positions. 

A  series  of  five  papers  present  deriva- 
tions in  effective-mass  theory  for  semicon- 
ducing  materials  of  gradually  varying  spa- 
tial composition.  In  the  first  of  a  three-part 
series  of  papers  entitled  "Position-Depend- 
ent Effective  Masses  in  Semiconductor 
Theory,"  the  concept  of  spatially-varying  ef- 
fective masses  is  reviewed  and  shown  to  be 
unworkable.  An  extension  of  Bargmann's 
theorem  is  derived  to  show  that  the 
Hamiltonians  representative  of  carriers 
with  position-dependent  masses  are  not  in- 
variant under  a  Galilean  transformation. 
Furthermore,  the  approximation  can  give 
rise  to  many  nonequivalent  Hamiltonians 
as  long  as  the  concept  of  position-depend- 
ent effective  mass  is  maintained. 

The  second  paper  considers  a  com- 
pound semiconductor  that  has  a  gradual 
spatial  variation  of  composition.  An  effec- 
tive-mass equation  governing  the  dynam- 
ics of  the  motion  of  electrons  or  holes  is 
derived  using  the  Kohn-Luttinger  represen- 
tation and  canonical  transformations.  It  is 
shown  that  as  long  as  the  variation  in 
chemical  composition  may  be  treated  as  a 
perturbation,  the  effective  masses  be- 
come independent  of  position. 


The  third  paper  shows  that  the  effective 
masses  depend  on  an  average  of  the 
chemical  composition  over  the  entire  crys- 
tal. In  effect,  the  plane  wave  of  an  excited 
electron  "samples"  the  entire  crystal. 
Thus,  a  compound  of  nonuniform  compo- 
sition must  be  considered  as  a  single  quan- 
tum system,  not  as  a  collection  of  succes- 
sive systems,  each  with  its  own  effective 
mass. 

The  first  of  a  pair  of  papers  entitled 
"Forces  Acting  on  Free  Carriers  in  Semi- 
conductors of  Inhomogeneous  Composi- 
tion" shows  that  it  is  incorrect  to  apply  the 
extended  Wannier-Slater  theorem  using 
spatially  changing  effective  masses.  A  per- 
turbation method  that  begins  with  a  model 
Hamiltonian  representative  of  a  homoge- 
neous sample  is  then  derived,  and  it  is 
shown  that  the  quasi-electric  fields  ex- 
perienced by  the  carriers  arise  from  posi- 
tional changes  of  the  potential  energy  just 
as  in  the  classical  case  of  deformation  po- 
tentials. 

The  second  paper  of  the  pair  shows  that 
the  quasi-electric  fields  due  to  spatial  varia- 
tions in  chemical  composition  do  not  de- 
pend explicitly  on  the  temperature,  as  had 


been  believed.  In  extrinsic  material,  the 
quasi-electric  field  due  to  the  majority  car- 
riers is  almost  completely  screened  out,  ir- 
respective of  variations  in  the  doping  level, 
as  long  as  there  is  no  transition  between 
p-type  and  n-type  material.  Therefore,  the 
effective  quasi-electric  field  experienced 
by  the  minority  carriers  under  the  condi- 
tions of  low-level  injection  is  determined 
solely  by  a  variation  of  the  bandgap  energy 
with  position. 

This  work  was  done  by  Oldwig  Von  Roos 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory,  Daniel  Schechter  of  Califomi- 
a  State  University,  and  Harry  Mavroumatis 
of  American  University. 
"Effective  Mass  Theory   for  Semiconductors 
of  Variable,  Position-  Dependent  Chemical 
Composition,  "83  on  the  TSP  Request  Card. 
NPO-16807/TN 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Standards  for  Bidirectional  Reflectance  and  Transmittance 

Sample-tosample  variations  are  reduced. 


Improved  reference  or  standard  sam- 
ples for  the  measurement  of  the  bidirec- 
tional reflectance  or  transmittance  distri- 
bution functions  are  made  by  depositing 
single  layers  of  spheres  of  the  same  size 
on  flat  surfaces  (see  figure).  The  new  refer- 
ence samples  can  be  replicated  easily  and 
consistently,  are  durable  with  moderate 
care,  and  can  be  used  to  reconcile  dif- 
ferent measurement  facilities. 

The  spheres,  typically  of  glass  or  latex, 
can  range  in  diameter  from  0.1  to  500  (jm. 
To  make  a  reflectance  standard,  the 
spheres  can  be  coated  with  gold,  silver,  or 
other  highly  reflective  material.  Transmit- 
tance samples  can  be  made  by  using  glass 
spheres  with  roughened  surfaces. 

A  light  beam  is  aimed  at  an  unknown 
sample  along  a  specified  direction,  and  the 
transmitted  or  reflected  radiance  is  meas- 
ured along  another  specified  direction.  The 
measurement  is  repeated  with  a  reference 
sample  of  the  new  type.  Then  the  unknown 
sample  can  be  characterized  by  f2  =  f1 
V2/V1 ,  where  f  2  and  f  1  represent  the  bidirec- 
tional reflectance  (or  transmittance)  distri- 
bution functions  at  the  unknown  and 
known  samples,  respectively,  along  the 
specified  directions  and  V2  and  V1  repre- 
sent the  reflected  (or  transmitted)  ra- 
diances measured  with  the  unknown  and 
reference  samples,  respectively. 

With  the  new  standard  reflectance 
samples,  variations  among  and  within 
each  unit  are  less  than  those  of  conven- 
tional standard  reflectance  samples  made 
of  gold-plated  sandpaper.  The  improved 


Detector. 


< 


Reference 
Sample 


Spheres  Packed  on  a  Flat  Surface  are  coated  with  reflective  material  and  used  as  reflect- 
ance standards.  Alternatively,  translucent  spheres  can  be  used  for  transmittance  measure- 
ments. 


samples  provide  fairly  uniform  specular 
reflection  in  all  directions.  Also,  unlike 
plated-sandpaper  standards,  they  are  not 
subject  to  random  shadowing  by  adjacent 
microscopic  surface  features. 

This  work  was  done  by  William  K. 
Witherowof  Marshall  Space  Right  Cen- 


ter. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to  MFS-28183/TN 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer:  Ismail  Akbay 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223 

Patent  Counsel: 

Leon  D  Wofford,  Jr 

Mail  CodeCCOl 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR    ADDITIONAL    INFORMATION:  Contact.  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Analytical  Chemistry  Laboratory 

Extensive  techniques  for  a  variety  of  analyses 

As  one  of  the  nation's  major  research  and 
development  laboratories,  Argonne  has  exten- 
sive facilities  for  many  types  of  research  and 
analysis.  These  facilities  are  available  to 
industry  and  universities  for  their  use.  The 
Analytical  Chemistry  Laboratory  (ACL)  is  one 
such  facility.  The  ACL  maintains  summaries  of 
its  analytical  capabilities,  which  cover  a  broad 
range  of  techniques.  ACL  staff  are  experts  in 
the  application  of  these  techniques,  and  can 
provide  the  valuable  know-how  needed  to 
optimize  the  use  of  the  facilities.  An  index  of 
one-page  capabilities  summaries  is  available 
upon  request. 

The  ACL  handles  a  wide  range  of  analytical 
problems,  from  very  routine  standard  analyses 
to  unique  problems  that  require  significant 
development  of  methods  and  techniques.  Most 
of  the  samples  submitted  are  nonroutine, 
one-of-a-kind  samples  for  which  standard 
analyses  are  not  available.  Many  of  the  prob- 
lems submitted  involve  standardization  and 
calibration  to  ensure  the  accuracy  required.  The 
Chemical  Analysis  Group  performs  wet-chemical 
and  instrumental  inorganic  analyses  using 
classical,  spectrochemical,  and  mass- 
spectrometric  techniques  and  does  isotope 
analysis.  The  Environmental  Analysis  Group 
applies  many  of  these  same  techniques  with 


emphasis  on  environmental  samples  and 
analysis  of  coal.  The  Instrumental  Analysis 
Group  uses  nuclear  decay  counting  techniques, 
performs  mass-spectrometric  and  gas- 
chromatographic  analyses  of  gases,  analyzes 
solids  with  X-ray  techniques,  and  does  remote 
analysis  of  radioactive  samples,  dosimetry,  and 
neutron  activation.  The  Organic  Analysis  Group 
uses  a  number  of  complementary  techniques  to 
separate  and  analyze  complex  organic  mixtures 
and  compounds,  including  synthetic  fuels,  toxic 
substances,  fossil-fuel  residues  and  emissions, 
pollutants,  biologically  active  compounds, 
pesticides,  and  drugs.  The  laboratory  is 
qualified  to  do  Environmental  Protection  Agency 
Contract  Laboratory  Program  analyses  on 
environmental  samples  for  inorganic,  organic, 
and  radionuclides. 


Additional  Information 

Key  Words:  analytical  laboratory,  chemical  analysis, 
elemental  analysis,  environmental  analysis,  in- 
strumental analysis,  organic  analysis,  pollutant 
analysis,  radionuclides  analysis,  service  center, 
spectrochemical  analysis,  user  facility,  X-ray  analysis 

For  More  Information:  Contact  the  Technology 
Transfer  Center,  9700  S.  Cass  Ave.,  Argonne,  IL 
60439  (312/FTS  972-7694). 


Operated  by  The  University  of  Chicago  for  the  U.S.  Department  of  Energy 


837 


Technology  Application 


Licensing 
Opportunities 


i 


Continuous  Aqueous  Tritium  Monitor 


To  Trickle-BcC 
RejclOi 


Uppor  Enclosure 


Lower  Enclosure 


Figure  1.      Schematic  Diaqram  of  Continuous    Tritium  Monitor" 


A  device  uses  a  selective  permeable  membrane  and  an  ionization  chamber 
to  make  on-line  measurements  of  HTO  in  aqueous  process  streams. 
Liquid  samples  are  continuously  drawn  through  a  column  and  contacted 
with  an  air  stream  flowing  counter-currently.     The  water-saturated  air 
stream  is  passed  through  a  permeable  membrane  which  quantitatively 
transfers  the  water  vapor  to  a  second  air  stream  for  analysis  of  HTO 
in  an  ionization  chamber.     Interfering  beta  emitters  such  as  krypton-85 
remain  in  the  first  air  stream. 

The  monitor  provides  real-time  on-line  monitoring  of  HTO  in  liquid 
streams  in  the  presence  of  other  beta  emitters.  HTO  is  physically 
isolated  before  analysis. 

FOR  ADDITIONAL  INFORMATION:     Mr.  Ron  J.  Bliss,  Idaho  National 
Engineering  Laboratory,  PO  Box  4000,  Idaho  Falls,  ID  83403;  (208)  526- 
0997.     Refer  to  DOE/INEL-037. 
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Lawrence  Berkeley  Laboratory 

Electron  Beam  Ion  Trap:  It  Opens  a  New  Class  of 
Atomic  Physics  Measurements 


Fundamental  to  an  understanding  of  atomic  structure  is  how  electrons 
interact  with  highly  charged  ions.     This  interaction  is  also  of  key 
importance  for  understanding  laboratory  plasmas  (needed  for  controlled 
fusion)  and  complex  processes  in  astrophysics  (such  as  supernova 
explosions).     Despite  this  importance,  physicists  have  often  had  to  rely 
on  untested  theory  because  it  has  not  been  possible  to  measure  electro- 
interaction  cross  sections  for  ions  with  more  than  a  few  electrons 
removed. 

Until  recently,   research  machines  for  producing  highly  charged  ions 
have  been  huge,  expensive,  and  often  difficult  to  operate.     For  example, 
a  large  international  accelerator,  such  as  the  HILAC  at  Lawrence 
Berkeley  Laboratory,  can  be  used  to  accelerate  ions  to  high  energies 
and  additional  electrons  can  be  stripped  away  in  a  target  foil.     If  a  hot 
plasma  is  used  to  study  such  ions,  then  the  ion  charge  state  is  limited  by 
plasma  temperature. 

Electron-beam  ion  sources  (EBISs)  have  been  built  in  several  laboratories 
around  the  world  for  the  purpose  of  producing  highly  charged  ions  and 
injecting  them  into  accelerators.     In  these  machines,  the  ions  are 
"trapped"  inside  an  area  of  a  narrow  electron  beam  that  is  projected 
through  a  vacuum  chamber  and  magnetically  compressed.     There,  the 
ions  can  be  successively  ionized  to  high  charge  states.     However,  one 
drawback  is  that  these  machines  were  designed  only  to  produce  ion 
beams  and  do  not  permit  x-ray  spectroscopic  measurements. 

Designed  and  developed  at  the  Lawrence  Livermore  National  Laboratory, 
a  small  and  novel  device  called  an  electron-beam  ion  trap  (EBIT)  not 
only  produces  highly  charged  ions  and  "traps"  them  inside  an  electron 
beam,  it  allows  the  observation  of  the  characteristic  x-rays  emitted  in 
the  interactions  of  the  ions  with  the  electrons.     With  the  EBIT,  scientists 
can  now  study  excitation,  ionization,  and  both  dielectronic  and 
radiative  recombination  (processes  in  which  an  electorn  recombines  with 
the  ion). 

Producing  highly  charged  ions  (more  than  60  electrons  removed),  EBIT 
uses  a  monoenergetic  electron  beam  (diam  60  micrometers,  overall  length 
about  25  cm)  and  a  trap  area  at  the  center  of  the  beam's  axis  only  2  cm 
long  (see  figure).     End  and  center  drift  tubes  help  confine  the  ions,  and 
a  high  magnetic  field  supplied  by  small  superconducting  magnets 
(Helmholtz  coils)  guides  and  compresses  the  beam.     Starting  with  a  beam 
of  a  1   A/square  cm  emitted  from  the  cathode  of  the  electron  gun,  the 
beam  is  squeezed  to  approximately  2000  A/square  cm.     Four  beryllium 


839 


windows  provide  areas  through  which  x-ray  emissions  are  observed. 
Measurements  for  the  highly  charged  ions  can  be  made  on  no  other 
device;  future  measurements  will  confront  fundamental  atomic  theories 
and  test  the  understanding  of  atomic  structure  in  new  ways. 


< 
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Scale  drawing  of  the  trapping  region.  The  center  drift 
tube  and  the  high-voltage  shield  are  slotted  to  allow 
observation  of  x-ray  emission  from  the  trapped  ions. 


Literature:  (1)  Electron-Beam  Ion  Trap,  Energy  and  Technology  Review,  June 
1987,  p.  7,  Lawrence  Livenaore  National  Labroratory,  Livermore,  CA, 
(2)  Electron-Bean  Ion  Trap,  Energy  and  Technology  Review,  July  1987,  p.  74, 
Lawrence  Livermore  National   Laboratory,   Livertnore,   CA. 

Patent  Status:     Patent  application  in  process. 

PotenMal  Applications /Spinoffs:  Applications  for  the  EBIT  include:  (1)  a 
source  of  highly  charged  ions  for  particle  accelerators  and  storage  rings, 
(2)  an  apparatus  for  studies  of  non-neutral  plasmas,  (3)  a  test  bed  for  high- 
current  density  electron  beam  development,  and  (4)  an  x-ray  line  source  with 
less  bremsstrahlung  than  conventional  sources.  The  EBIT  is  likely  to  greatly 
influence/change  the  direction  of  other  research  programs  around  the  world. 

For  More  Information  on  This  Technology:  Contact  Roscoe  E.  Marrs,  L-296,  V 
Division/Physics  Department,  Lawrence  Livermore  National  Laboratory, 
Livermore,  CA  94550  (415/422-3090),  or  Morton  A.  Levine,  Bldg.  4,  Rrn.  230, 
Lawrence  Berkeley  Laboratory,  No.  1  Cyclotron  Road,  Berkeley,  CA  94720 
(415/486-5011). 
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Electron-Photon  Coincidence  Calibration  of  Photon  Detectors 

Absolute  and  relative  detector  efficiencies  are  measured. 


An  apparatus  uses  coincidence-count- 
ing techniques  to  measure  the  efficiency  of 
an  ultraviolet  or  vacuum  ultraviolet  detec- 
tor at  very  low  radiation  intensity  (in  the 
photon-counting  regime).  A  detector  thus 
palibrated  can  Pe  used  to  caliPrate  other 
■detectors  or  to  make  aPsolute  measure- 
ments of  incident  photon  fluxes. 

In  the  apparatus  (see  Figure  1)  a  Peam 
of  helium  atoms  (or  any  other  atom)  is 
struck  perpendicularly  Py  a  beam  of 
energetic  (e.g.,  100-eV)  electrons.  The 
atomic  beam  is  made  sparse  enough  so 
that  it  is  nearly  transparent  to  the  584-A 
(21.2-eV)  photons  that  are  emitted  when 
some  of  the  helium  atoms  are  struck  by 
electrons.  (Beams  of  other  elements  could 

also  be  used  to  measure  efficiencies  at 
other  photon  energies.)  When  an  electron 
excites  a  584-A  photon,  it  loses  21.2  eV  of 
its  energy,  retaining  78.8  eV  as  it  is  scat- 
tered from  the  intersection  of  the  beams. 
Photons  and  electrons  of  these  and  other 
energies  are  scattered  in  all  directions. 

Some  of  the  78.8-eV  electrons  continue 
along  fhe  original  electron-beam  direction, 
and  some  of  the  photons  caused  Py  these 
electrons  are  emitted  perpendicularly  to 
both  beams  toward  either  or  both  photon 
detectors.  An  electrostatic  analyzer 
passes  only  the  78.8-eV  electrons  to  an 
electron  counter.  Each  electron-counting 
pulse  is  fed  to  the  "start"  input  of  a  time-to- 
pulse-height  converter. 

The  output  pulses  from  either  detector 
are  fed  through  a  delay  line  to  the  "stop"  in- 
put of  the  associated  time-to-pulse-height 
converter.  The  detector-output  pulses  that 
represent  584-A  photons  are  distinguished 
from  those  of  other  photons  by  their  known 
correlation  in  time  with  the  pulses  of  the 
causative  78.8-eV  electrons  scattered  into 
the  electrostatic  analyzer. 

The  output  of  the  time-to-pulse-height 
converter  is  fed  to  a  pulse-height  analyzer, 
the  output  of  which  includes  a  peak  at  the 
known  correlation  time.  The  measurement 
is  continued  during  an  interval  long  enough 
to  satisfy  the  requirements  of  photon- 
counting  statistics,  and  the  number  of 
counts  Nc  in  this  peak  is  recorded.  The 


Photon  Detector' 
To  be  Calibrated 


Standard 

(Precalibrated) 

Photon  Detector 


Figure  1 .  Crossed  Electron  and  Atomic  Beams  generate  photons  that  are  used  to  calibrate  a 
photon  detector.  Pulses  from  the  electron  counter  and  photon  detector(s)  are  processed  by 
standard  coincidence-counting  techniques. 


number  N  of  78.8-eV  electrons  detected 
during  this  interval  is  also  recorded. 

The  probability  p  that  one  of  the  584-A 
photons  generated  by  one  of  the  detected 
78.8-eV  electrons  will  scatter  into  the 
detector  in  question  is  calculated,  based  in 
part  on  the  known  solid  angle  subtended  by 
the  detector  from  the  point  of  view  of  the 
beam  intersection.  Then  the  efficiency,  rj, 
of  the  detector  is  given  by 
n=Nc/PNe 

If  the  efficiency  rjs  of  a  detector  (the 
standard  detector)  has  already  been 
measured,  then  it  can  be  used  to  measure 
the  efficiency  r^of  an  unknown  detector  in 
two  ways.  In  the  first,  the  measurement  is 
made  on  the  calibrating  apparatus,  without 
recording  the  electron  count.  The  efficien- 
cy of  the  unknown  detector  is  given  by 


%  =  1sNcuQs/NcsQU 

where  Ncu  and  N^  are  the  counts  in  the 
correlation  peaks  of  the  unknown  and 
standard  detectors,  respectively,  and  Qs 
and  Qu  are  the  solid  angles  subtended  by 
the  standard  and  unknown  detectors, 
respectively. 

In  the  second  method  (see  Figure  2),  fil- 
ters are  placed  in  front  of  the  detectors  to 
pass  only  the  584-A  photons.  Since  the  cal- 
ibration of  the  standard  detector  is  good  for 
all  584-A  photons,  it  suffices  to  count  all  the 
photon  pulses  Nu  and  Ns  put  out  by  the  un- 
known and  standard  detectors,  respective- 
ly, without  having  to  measure  electrons  or 
correlations.  Then  the  efficiency  of  the  un- 
known detector  is  given  by 

This  work  was  done  by  Santosh  K. 
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Srivastava  of  Caltech  for  NASA's  Jet  Pro- 
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Figure  2.  A  Standard  Detector  Is  Used  To 

Calibrate  an  unknown  detector.  In  this 
case,  the  photons  are  band-pass-filtered 
and  the  coincidence-counting  circuitry  is 
not  used. 
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Monitoring  the 
Atmosphere  by  Diode- 
Laser  Spectroscopy 

Dilute  constituents 
are  detected  with 
speed  and  accuracy. 

A  report  describes  the  state  of  the  art  of 
tunable-diode-laser  second-harmonic 
spectroscopy  applied  to  measurements  of 
the  concentrations  of  trace  constituents  of 
the  atmosphere.  By  a  combination  of  tem- 
perature, composition,  and  drive-current 

tuning,  the  wavelengths  of  tunable  diode 
lasers  can  be  varied  over  the  infrared 
range  of  3  to  30  nm,  which  contains 
spectral  lines  of  many  of  the  molecules  of 
interest  in  atmospheric  research.  Recent 
advances  in  fabrication  have  provided  ex- 
perimenters with  quasi-single-mode  diode 
lasers  of  relatively  high  power  (0.1  to 
10  mW)  that  operate  at  temperatures 
above  77  K;  these  lasers  are  readily  adapt- 
ed to  compact,  automatic,  portable  instru- 
ments. 

In  general  harmonic  spectroscopy,  the 
infrared  frequency  of  the  laser-diode 
source  is  modulated,  usually  by  modulat- 
ing the  diode  current  at  a  frequency  of  1  to 
5  kHz.  The  center  infrared  frequency 
might  be  scanned  by  slowly  varying  the  dc 
component  of  the  diode  current,  or  the 
laser  might  be  locked  to  a  spectral  line, 
depending  on  the  requirements  of  the 
measurement. 

In  first-  and  second-harmonic  spectros- 
copy, the  laser  signal  that  has  traveled 
along  a  path  in  the  atmosphere  is  detected 
by  a  phase-sensitive  amplifier  at  the  first  or 
second  harmonic  of  the  modulating  fre- 
quency, respectively.  The  second  harmon- 
ic is  the  most  useful  one  for  the  quantitative 
detection  of  molecules,  because  the  peak 
values  of  its  detection  signature  lie  at  the 
centers  of  the  molecular  spectral  lines  and 
its  average  baseline  lies  near  a  zero  signal 
level.  The  first  harmonic  is  useful  in  the  line- 


locked  mode  because  its  detection  signa- 
ture has  a  steep  zero  crossing  at  the  center 
of  the  spectral  line  that  can  be  used  as  a 
negative  feedback  signal  to  control  the 
diode  current. 

Because  they  are  designed  to  detect 
laser-beam  absorptions  typically  less  than 
1  percent,  second-harmonic  trace-gas  de- 
tectors are  inherently  linear  over  wide  dy- 
namic ranges.  When  the  second-harmonic 
signal  is  normalized  by  the  beam  energy, 
the  linearity  extends  up  to  absorptions  of  10 
percent.  This  high  linearity  facilitates  cali- 
bration and  the  analysis  of  measurement 
data. 

In  addition  to  exceptional  sensitivity, 
second-harmonic  spectroscopy  offers 
high  selectivity.  For  example,  such  small 
molecules  as  CO  and  N02  have  isolated, 
strong  spectral  lines  that  are  free  of  spec- 
tral interferences  from  the  other  constit- 
uents of  the  atmosphere.  Because  the 
spectral  lines  of  diode  lasers  are  typically 
less  than  one-tenth  of  the  Doppler  widths  of 
near-infrared  molecular  absorption  lines, 
nearby  lines  of  fairly-abundant  atmospher- 
ic molecules  produce  negligible  interfer- 
ences. 

In  a  typical  instrument,  the  laser  beam  is 
split  into  three  paths:  (1)  through  a  refer- 
ence cell,  (2)  through  a  local  ambient 
region  (to  provide  an  instrument  zero  ref- 
erence), and  (3)  through  a  multiple-reflec- 
tion cell  where  it  acquires  the  atmospheric 
information.  The  instrument  is  operated  in 
both  line-locked  and  scanning  modes.  In 
the  line-locked  mode,  the  reference  cell 
provides  a  locking  first-harmonic  signa- 
ture. In  the  scanning  mode,  the  reference 
cell  provides  the  reference  spectral  line(s) 
for  the  gas(es)  sought. 


Measurements  taken  with  such  instru- 
ments have  yielded  data  on  such  important 
trace  constituents  as  N02,  NO,  CO,  03, 
H202,  and  HOI.  As  the  interactions  among 
weather,  pollution,  and  photochemical 
processes  come  under  increasing  scru- 
tiny, the  broad  tunability  and  speed  of  diode 
lasers  will  become  increasingly  valuable.  It 
should  be  relatively  easy  to  deploy  instru- 
ments containing  manifolds  of  lasers  to 
satisfy  the  increasing  demand  for  simul- 
taneous measurements  of  multiple  constit- 
uents. 

This  work  was  done  by  Max  Loewenstein 
and  James  Podolske  of  Ames  Research 
Center 
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Multiple-Diode-Laser  Gas-Detection  Spectrometer 

Small  concentrations  of  selected  gases  would  be  measured  automatically. 


A  proposed  multiple-laser-diode  spec- 
trometer would  be  part  of  a  system  for 
measuring  automatically  the  concentra- 
tions of  selected  gases  at  the  part-per- 
billion  level.  Intended  for  use  during  future 
exploration  of  Saturn's  moon  Titan,  the 
spectrometer  may  be  adaptable  to  such 
terrestrial  uses  as  monitoring  pollution  or 
control  of  industrial  processes. 

The  spectrometer  would  include  an  array 
of  infrared  tunable  diode  lasers,  the  fre- 
quencies of  which  vary  with  their  input  cur- 
rents at  rates  of  200  to  2,000  MHz/mA. 
Each  diode  would  operate  at  a  wavelength 
selected  in  the  range  of  3  to  30  ^m.  Al- 
though the  basic  instrument  concept  calls 
for  11  lasers  arranged  in  a  circle  (see 
figure),  more  or  fewer  could  be  used,  and 
side-by-side  or  other  arrangements  might 
prove  more  suitable  for  some  measure- 
ments. 

A  photodetector  would  be  associated 
with  each  diode  laser,  and  all  the  photode- 
tectors  and  diodes  would  be  mounted  on  a 
base  cooled  to  a  temperature  of  80  K.  The 
forward  output  light  beam  of  each  laser 
would  travel  through  the  atmosphere  to  a 
retroreflector  at  a  distance  of  20  cm,  and 
the  returned  light  would  be  measured  by 
the  associated  photodetector.  The 
backward  output  beam  of  each  laser 
would  pass  through  a  reference  cell  (not 
shown  in  the  figure)  containing  the  molecu- 
lar species  to  be  measured  by  the  laser/de- 
tector pair.  This  arrangement  would  pro- 
vide absolute  wavelength  calibration. 

The  current  in  each  laser  diode  would 


be  swept  repeatedly  through  a  range  that 
causes  its  output  wavelength  to  sweep 
through  a  known  portion  of  the  absorption 
spectrum  of  the  gas  or  gases  to  be  de- 
tected. Each  laser  would  be  modulated  at 
a  different  frequency  so  that  ac  detection 
techniques  could  be  used  to  enable  the 
simultaneous  measurement  of  11  or  more 
gases. 

The  instantaneous  output  of  each  pho- 
todetector would  give  a  measure  of  the  ab- 
sorption of  the  radiation  in  the  atmosphere 
at  the  instantaneous  wavelength.  The  pho- 
todetector output  would  be  processed  to 
identify  the  gas  species  from  the  variation 
of  absorption  with  wavelength  and  the  con- 
centration of  the  species  from  the  degree 
of  absorption. 

It  is  expected  that  the  spectrometer  can 
provide  useful  data  even  where  peak  ab- 
sorptances  are  no  greater  than  0.01  per- 
cent. Volume  mixing  ratios  as  low  as  10  "9 
should  be  measurable  for  most  species 
of  interest,  including  CH4,  CO,  C02,  HCN, 


2    2' 


C2N2, 


C2H4, 


C3H4, 


C2H6, 


C3H8- 


C3HN,  and  C4H2. 
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would  measure  the  infrared  absorption 
spectrum  of  the  atmosphere  along  the  pro- 
bing laser  beams. 
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Ceramic  Thermal  Barriers 
for  Dirty-Fuel  Turbines 

Coatings  like  those  in 
aircraft  turbines  quickly 
deteriorate,  but  alternatives 
are  on  the  horizon. 

A  report  discusses  the  performances 
of  ceramic  thermal-barrier  coating  mate- 
rials for  use  in  electric-utility  gas-turbine 
engines.  Studies  show  that  ceramic  coat- 
ings insulate  metal  components  in  turbines 
and  allow  cooling  schemes  to  be  simplified 
and  cooling  airflows  to  be  reduced.  This  in 
turn  allows  the  use  of  higher  gas  tempera- 
tures while  decreasing  the  temperatures 
of  metal  components.  Efficiency  is  there- 
by increased. 

Such  coatings  have  been  developed  for 
aircraft  turbines.  However,  these  ceramics 
are  not  suited  to  electrical  utility  turbines 
that  burn  "dirty"  fuel.  Unlike  clean  aircraft 
fuels,  dirty  fuels  may  produce  condensates 
of  sodium  sulfate  and  vanadium  salts. 
These  compounds  can  rapidly  attack  the 
standard  thermal  barrier  composed  of  zir- 
conia  with  6  to  8  percent  yttria. 


Many  variations  of  the  standard  coating 
have  been  evaluated  in  the  search  for  a 
coating  resistant  to  dirty  fuel.  The  varia- 
tions have  included  alterations  of  the  level 
of  yttria,  replacement  of  yttria  by  other 
stabilizers,  controlling  surface  density  (by 
plasma  spray  processing,  infiltration,  laser 
glazing,  or  sputtering),  and  interface  treat- 
ments. Of  these  variations,  laser  glazing  is 
particularly  promising.  The  laser-melted 
surface  of  the  coat  is  100  percent  dense, 
with  some  cracks.  Such  coats  protect  the 
underlying  porous  ceramics,  enabling 
them  to  survive  longer  in  the  presence  of 
salt  condensates  than  do  unglazed  ceram- 
ic coats. 

In  addition,  many  alternatives  to  zir- 
conia-based  thermal-barrier  coatings  have 
been  evaluated.  Two  promising  ceramics 
are  calcium  silicate  and  calcium  titanate. 


Also  promising  is  a  ceramic/metal  combi- 
nation composed  of  magnesia  with  an 
alloy  of  nickel,  chromium,  aluminum,  and 
yttrium. 

This  work  was  done  by  Robert  A.  Miller 
of  Lewis  Research  Center.  Further  infor- 
mation may  be  found  in  NASA  TM-87288 
[N86-22687/NSP],  "Ceramic  Thermal  Bar- 
rier Coatings  for  Electric  Utility  Gas  Turbine 
Engines. " 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700.  [A02] 
LEW-14596  /TN 


FOR    ADDITIONAL    INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P  O  Box  8757 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


843 


IWVSATech  Brief 


National  Aeronautics  and 
Space  Administration 


Licensing 
Opportunity 


< 


Fire-Retardant  Decorative 
Inks  for  Aircraft  Interiors 

Seven  retardants 
were  investigated. 

A  report  describes  the  testing  of  com- 
mercial and  experimental  fire  retardants 
for  incorporation  into  acrylic  printing  inks 
used  on  aircraft-interior  sandwich  panels. 
To  avoid  one  of  the  main  problems  con- 
nected with  the  use  of  such  fire  retardant 
agents  as  antimony  trioxide  —  the  migra- 
tion of  the  agent  to  the  surface  —  atten- 
tion was  focused  on  candidate  retardants 
that  might  not  migrate;  for  example,  reac- 
tive fire  retardants  and  polymeric  fire  retar- 
dants in  which  migration  or  leaching  is  con- 
trolled by  diffusion. 

The  seven  following  fire-retardant  addi- 
tives were  investigated: 

1 .  Brominated  polymeric  additive  (BPA)  is 
available  at  various  molecular  weights 
ranging  from  660  to  40,000.  Each  mole- 
cular unit  has  two  glycidyl  groups  and  in- 
cludes aromatic  bromine,  which  is  very 
thermostable.  The  BPA  investigated  (for- 
mulation 1)  had  50  weight  percent  bro- 
mine. 

2.  Formulation  2  was  BPA/tribromophenol 
(BPA/TBP),  in  which  the  BPA  was  blocked 
through  its  diglycidyl  endgroups  with  the 
brominated  phenols.  The  bromine  con- 
tent was  58  percent. 

3.  Formulation  3  —  BPA/pentabromophe- 
nol  (BPA/PBP)  —  had  a  bromine  content 
of  63.0  percent. 


4.  Rubberized  BPA/tribromophenol  (formu- 
lation 4)  contained  1 2  percent  of  carboxy- 
terminated  butadiene/acrylonitrile 
(CTBN)  rubber  and  enough  TBP  to  pro- 
duce a  53-percent  bromine  content. 

5.  Rubberized  BPA/tribromophenol  (for- 
mulation 5)  was  similar  to  4,  except  that 
the  CTBN  content  was  increased  to  16.2 
percent,  and  that  the  bromine  content 
was  decreased  to  48.6  percent. 

6.  2,3-Dibromopropyl  acrylate  (formulation 
6)  contains  58.8  percent  bromine. 

7.  Bis(chloroethyl)  vinyl  phosphonate  (for- 
mulation 7),  a  nonbrominated  compound, 
was  studied  to  determine  the  effect  of 
phosphorous  and  chlorine  on  the  fire  re- 
tardancy  of  the  acrylate  ink. 

The  ink  formulations  were  adjusted  to 
contain  10  percent  bromine,  except  when 
formulation  7  was  used.  All  ink  formula- 
tions were  also  adjusted  to  contain  60 
weight  percent  solids  so  that  the  resulting 
viscosities  were  approximately  the  same 
as  those  of  the  acrylic-ink  control  formula- 
tion. 

Films  of  acrylic  ink  containing  the  fire- 
retardant  additives  were  prepared  by  cast- 
ing on  glass  plates.  After  the  solvent  was 
evaporated  in  a  vacuum,  the  cast  films 
were  cured  at  80  to  100  °C  for  30  minutes 
in  an  air-circulating  oven. 


The  thermochemical  properties  of 
these  films  were  examined  by  thermogra- 
vimetric  analysis  and  differential  scanning 
calorimetry  (DSC).  Similarly,  samples  of  the 
inks  were  cast  on  sheets  of  polyvinyl  f  bride 
(PVF),  and  their  limiting  oxygen  indices  and 
smoke  evolution  were  measured.  The 
most  effective  fire  retardant  proved  to  be 
formulation  5,  followed  by  formulations  3 
and  4,  which  showed  the  highest  limiting 
oxygen  indices  and  the  highest  thermal 
stabilities  in  terms  of  the  lowest  weight 
losses  at  280  °C. 

This  work  was  done  by  D.  A.  Kourtides 
of  Ames  Research  Center,  Z.  Nir  of 
Makhteshim,  Ltd.,  and  J.  A.  Mikroyannidis 
of  the  University  of  Patras.  Further  infor- 
mation may  be  found  in  NASA  TM-88198 
[N86-18441/NSP],  n Fire-Retardant  Deco- 
rative Inks  for  Aircraft  Interiors. "  A02 

Copies  may  be  purchased  [prepayment 
required]  from  the  National  Technical  In- 
formation Service,  Springfield,  Virginia 
22161,  Telephone  No.  (703)  487-4650. 
Rush  orders  maybe  placed  for  an  extra  fee 
by  calling  (800)  336-4700. 

Inquiries  concerning  rights  for  the 
commercial  use  of  this  invention  should 
be  addressed  to  the  Patent  Counsel, 
Ames  Research  Center 
Refer  to  ARC-11 729. /TN 

Ames    Research    Ctr. 

Technology   Utilization 
Officer:  Laurance  Milov 
Mail  Code  223-3 
Moffett  Field,  CA  94035 
(415)694-6471 
Patent  Counsel: 
Darrell  G  Brekke 
Mail  Code  200-11 
Moffett  Field,  CA  94035 
(415)694-5104 


FOR    ADDITIONAL   INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 


844 


Computer 
Software 


.'■'■'■'■"■■■■  ■  ■■■■■■'."■'■|  ■■"■■■'.|  ■■■■"■"■■ 


Technology  Application 


Port  Economic  Impact  Software  Using  LOTUS  1-2-3 

The  Port  Economic  Kit  provides  an  effective  methodology  (automated  or  manual) 
to  determine  port  economic  impacts  for  small-  and  medium-  size  ports.  The  kit 
quantifies  the  importance  of  a  port  in  terms  of  purchases,  income,  employment, 
and  taxes  generated.  This  is  accomplished  by  examining  the  impacts  of  the  local 
port  industry,  the  local  port  user  industries  and  port  capital  spending.  For  each 
type  of  port  activity  identified  above,  the  economic  effects  or  impacts  can  be 
separated  into  the  direct,  indirect,  and  induced  categories 

Software  Description:  The  software  is  written  in  the  FORTRAN  programming 
language  for  implementation  on  IBM  PC-  and  XT-  compatible  microcomputers. 
The  model  requires  the  use  of  LOTUS  1-2-3. 

For  Additional  Information: 

For  information  about  ordering  this  software,  contact  the 

NTIS  Federal  Computer  Products  Center,  NTIS,  5285  Port  Royal  Road,  Spring- 
field, VA  22161;  (703)  487-4763. 

Refer  to  PB88- 12788 1/NAC 

The  software  is  contained  on  5  1/4-inch  diskette,  double  sided,  double  density 
compatible  with  the  IBM  PC  microcomputer.  Diskettes  are  in  the  ASCII  format. 
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